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Foreword
IIASA, the Russian Academy of Sciences, and the Russian Federal Forest
Service, in agreement with the Russian Ministry of the Environment and
Natural Resources signed agreements in 1992 and 1994 to carry out a large-
scale study on the Siberian forest sector (The Siberian Forest Study).  The
goals were to assess Siberia’s forest resources, forest industries, and
infrastructure; to examine the forests’ economic, social and biospheric
functions, with these functions in mind, to identify possible pathways into
policy options for Russian and international agencies.
In the fall of 1996, the Siberian Forest Study was transformed to the
Sustainable Boreal Forest Resources Project.  This project has the following
overall objectives;
• to generate a quantitative output to a sustainable development concept
for the boreal forest zone and specifically for Russia drawing on the
work carried out earlier at IIASA, and
• to use the quantitative information generated in an efficient policy
mode.
The first steps, in order to move into the policy mode for the Russian forest
sector, were taken at the “Dialogue on Sustainable Development of the
Russian Forest Sector” in Moscow in November, 1996.
High-level Russian governmental representatives were invited to present
their views on the emerging policy issues in the Russian forest sector.
The background information to and the results of this “Dialogue” have been
documented in two volumes.  This report is Volume II and deals with the
background information for the “Dialogue” in the form of short summaries
on the results achieved so far by the IIASA Study.
Dialogue on Sustainable Development
of the Russian Forest Sector – Volume II
Sten Nilsson, Editor
1. Introduction
The Russian Academy of Sciences, the Federal Service of Forest
Management of Russia, and IIASA hosted a “Dialogue on Sustainable
Development of the Russian Forest Sector” in Moscow in November, 1996.
The ultimate goals of the “Dialogue” were to initiate intensive, cooperative
policy work for the future between the Russian Academy of Sciences,
various Russian ministries and agencies, and IIASA and to stimulate
increased governmental priority with respect to the Russian forest sector.
To achieve these goals, IIASA’s study on the Russian forest sector invited
high-level Russian governmental representatives to present their views on
the emerging policy issues in the Russian forest sector.  An accurate
presentation, based on comprehensive data and thorough analyses, is an
important component in setting the stage for future policy work.  Towards
this end, the international team of the IIASA Study presented the scientific
results achieved so far by the study.
The outline of the agenda of the Dialogue was the following: statements by
Russian governmental representatives, aggregated theme presentations on
achieved results by the IIASA Study, presentations of a future policy
concept and required institutional analyses of the Russian forest sector.
In addition, short “Summary Sheets” describing each of the subactivities
carried out so far by the IIASA Study were distributed to the participants
before the Dialogue.  Each of the summary sheets have the following outline
where applicable: Title, Background, Task, Approach, Results, Most
Important Findings, and Policy Recommendations.
In Volume I the theme papers and conclusions are presented, and in Volume
II the summary sheets are presented.
2These summary sheets were originally produced by members of the IIASA
Study core-team and by members of the Study’s Russian network.
2. List of Summary Sheets for Individual Subactivities
of the IIASA Study
1. Databases and GIS of the Siberian Forest Study
• Databases and GIS
2. Development of the Russian Forests
• The Development of the Russian Forests
3. Greenhouse Gases
• Current Increment and Mortality of Russian Forests
• Phytomass of the Russian Forests
• Disturbances in Russian Forests
• Soil and Litter Carbon
• Carbon Cycle and Forest Management
• Russian Forests and the Global Carbon Cycle
• Assessment of Methane Fluxes from the Russian Soils
4. Forest Resources and Utilization
• A system for Evaluation of Growth and Productivity of the Russian
Forests
• Modeling the Forest Fund’s Natural and Anthropogenic Dynamics
• Estimation of the Maximum Sustainable Allowable Harvest
• Economic Wood Supply
5. Biodiversity
• Biodiversity of Siberian Forests: Concepts, Preliminary Analyses,
and Proposed Research Directions
• Landscapes and Bioproductivity
• Endangered Species
• The Influence of Forest Exploitation on Species Biodiversity in the
Russian Far East
6. Non-Wood Products and Functions
• Non-Wood Products from the Russian Forests
• Some Aspects of Hydrology of Siberian Forests
7. Environmental Status
• Anthropogenic Stress Factors to Forests in Siberia
8. Transportation Infrastructure in Siberia
• Transportation Infrastructure
9. Industry and Markets
• Trade and Marketing
• Industrial Structure
310. Socio-Economics
• Relocation of Russian Industry
• Restructuring of Social Assets in Russian Enterprises
• Employment in the Forest Sector
• Welfare Indicators
• Demographic Development
11. Institutional Aspects
• Russian Forest Legislation
3. Presentation of the Individual Summary Sheets
In the following the individual summary sheets are presented.
4TITLE: Databases and GIS
BACKGROUND:  The IIASA Forest Study has from the very beginning set
to its prime objectives to develop a comprehensive geographical
database for facilitating the research activities. In the early stages of
the study, the project was faced with the situation, that most of the relevant
information describing the interest areas of the study were distributed both
geographically and in various administrative as well as scientific
organizations. A prerequisite for enabling the planned research activities in
the different interest areas regarding the Siberian forests, was an
integrated information system. Due to the locational aspect of the various
phenomena, and their relationships both in time and space, the information
system had to incorporate the capability of managing geographically
referenced information.
TASKS:  The process of establishing the IIASA Siberian Study Information
System (IISIS) included a database development and an application
development life cycle. The database development followed the path of
database design, implementation, and validation. The application
development succeeded through the phases of system definition, system
design and implementation. As an overseeing objective of the ‘Databases
and GIS’ cornerstone was to develop a geographical database containing
the data needed for the scientific research of the Siberian Forest Study, as
well as to implement an application environment to facilitate the
management of the databases and the access of the geographical database
for the scientific end-user.
APPROACH:  The database design step targets to define the logical and
physical structure of the database system, which is based on the
information needs of the project. The design of the database system was
executed using the Entity-Relationship (ER) methodology by Chen, with the
help of the System Architect (Popkin Software & Systems Inc.) CASE-tool
(Computer-Aided Software Engineering).
The database implementation incorporated the tasks of data input,
digital map compilation, or data transformation from existing data systems.
The implementation process was completed with a substantial involvement
from the Russian network of the IIASA Study. The data validation, which
is also very closely linked to the database implementation steps, was done to
insure the consistency and quality of the information, and the analogity
with the established logical and physical database definitions.
5The system definition included the investigation of the technical
computing environment, which was employable for the project,  and the end-
user requirements of the application environment. The technical
requirements, extent of the database and foreseeable end-user profile, and
the existing hardware and software environment, led to the decision of a
client-server implementation of the application environment. Due to the
project timing constraints, as well as the basic nature of a scientific research
project, a decision was made to implement the application environment
using standard software packages.
The implementation of the application environment relied on the
computing infrastructure supported by the International Institute for
Applied Systems Analysis (IIASA). The application environment was
divided into server applications, which are running on UNIX servers, and
end-user applications, which are running on the personal computers of each
scientist. The server application are used mainly for the setup and
management of the information system, and the processing of special needs.
For the activity of relational database management Oracle DBMS (version
7.0.16) was used, and for the need to manage the geographical information
system Arc/Info (version 7.0.1) was used. The end-user applications
facilitate a ‘point-and-click’ access to the database, and a simple map
browsing and drawing capability. This was archived using Microsoft Office
package and the Arc/View (version 2.1) program.
RESULTS: The database design task concluded with the logical and
physical database descriptions. This collection of data definitions and
background information about the IIASA Study database can also be
referred to as a meta-database. This description of the database acts as the
starting point for the scientific end-user of the existing data resources. In
the current state the data description of the IIASA Russian Forest Study
database contains the definitions for 370 data tables or 5908 parameters.
The implementation of the IIASA Study database consisted of a relational
database development task, and GIS map compilation tasks. In its current
form the Study information system contains the following thematic data
components: the Forest State Account, the GOSCOMSTAT socioeconomic
description, the GOSCOMSTAT atmospheric pollutant description, the
ecoregion description, the landscape description, the forest industry
enterprise description, as well as a number of different case-study
descriptions from various Siberian regions. The main GIS layers of the
information system are: Forest Enterprises of the Russian Federal Forest
Service, Russian Ecoregions and Landscapes, Russian Soil-Carbon map, and
various digital maps of the endangered animal and plant species as well as
the main medicinal plant species. The total size of the Study relational
6database is close to 400 Megabytes, and the size of the various GIS data
layers totals to 610 Megabytes.
The IIASA Study application environment was setup for fulfilling the
needs of database and GIS management for the expert users, as well as the
needs of simple querying and visualization for a normal scientific end-user.
The application environment has proved its  efficiency and usability during
past two years, especially during the IIASA 1995 and 1996 Young Summer
Scientist Programs.
MOST IMPORTANT FINDINGS:  The key achievement of this activity has
been the elimination of the geographical and institutional barriers, which
effectively hindered the scientific research. In the current form the database
and the application environment provide a unique resource for scientific
work concerning the Russian forests, forest industry, ecology and socio-
economics.
7TITLE: The Development of the Russian Forests
BACKGROUND: In the public and world scientific community the
viewpoint is often expressed that Russian forests are “disappearing.”  It is
claimed that the deforestation rate in Russia is 2-3 million ha.  Poor forest
management, insufficient forest protection, substantial losses by
anthropogenic disturbances, and huge losses of wood at harvests and during
wood processing have repeatedly been reported and illustrations of the
exhaustive nature of forest utilization in Russia in recent decades are
plentiful.  However, explicit conclusions on the state and development of
forest areas and growing stock of Russian forests can only be based on
numerical analyses of changes in inventory data over an extended period of
time.  However, the inventory data employed must be reliable and accurate.
TASK: To analyze the consistency, accuracy and reliability of Russian
inventory data, forest inventory methods, and the dynamics over time of the
Russian forest resources.
APPROACH: For the analyses the basic data from the Forest State Account
from 1961-1993 have been used.  Concerning the validation of the inventory
methods, a number of control inventory studies have been employed.
RESULTS:  The Forest Inventory and Planning method (FIP)
underestimates the growing stock in mature and overmature forests by 5-
15%, and sometimes more.  The aerotaxation method, used widely during
the 1950s and 1960s, overestimated the growing stock by 20-25% and
sometimes by as much as 30-50%.  The third method used in the Russian
inventory is remote-sensing, which is estimated to have a standard error of
±3% at 95% probability for the growing stock of a forest enterprise and
employed for large areas.
After adjusting for changed inventory instructions and redistribution of
forests between different agencies over time, we get a development of the
Russian forest resources according to the official statistics as presented in
Tables 1-3.
8Table 1. Development of different categories of forest areas and growing
stock in all Russian forests between 1961 and 1993. Areas in million ha and
growing stock in billion m3.
Indicators 1961 1966 1973 1978 1983 1988 1993 Relative
change
1993 to
1961
Forest Fund (FF), x 106 ha 1162.9 1161.9 1161.4 1186.2 1187.7 1182.6 1180.9 1.02
Forest Land (FL), x 106 ha 848.1 863.0 862.1 872.3 880.5 884.1 886.5 1.05
Forested Area (FA), x 106 ha 695.5 705.6 729.7 749.5 766.6 771.1 763.5 1.10
FA in European Russia,
x 106 ha
148.9 161.3 158.8 163.5 164.4 166.0 166.6 1.12
FA in Asian Russia, x 106 ha 546.6 544.3 570.8 586.0 602.2 606.1 597.0 1.09
Total FA available for
harvest,x 106 ha
295.6 342.9 338.6 345.6 385.3 406.2 351.1 1.19
Total FA as a percentage of
total land area, %
40.8 41.3 42.8 43.9 44.9 45.2 44.7 1.10
Total Growing stock (GS),
x 109m3
77.5 77.0 78.7 80.7 81.9 81.7 80.7 1.04
GS in European Russia,
x 109m3
16.3 17.0 17.4 18.7 19.3 20.3 21.1 1.29
GS in Asian Russia, x 109m3 61.2 60.0 61.3 62.0 62.6 61.4 59.6 0.97
GS total in mature and
overmature coniferous
forests, x 109m3
51.1 48.0 46.4 45.3 43.0 40.0 35.3 0.69
9Table 2.  Development of different categories of forest areas in Russia under
state forest management between 1961 and 1993, including long-term
leases1), and in million ha (x106 ha).
Indicators 1961 1966 1973 1978 1983 1988 1993 Relative
change
1993 to
1961
Forest Fund (FF) 1110.6 1105.6 1103.4 1123.0 1119.7 1115.8 1110.5 1.00
Total Forested Area (FA) 652.0 657.4 678.9 694.3 708.5 713.5 705.8 1.08
FA of CON2) 499.5 489.63) 508.3 512.7 526.5 526.4 507.7 1.04
FA of HD2) 34.2 24.23) 17.6 17.0 17.5 17.1 17.3 0.51
FA of SD2) 102.5 111.83) 108.2 108.5 110.8 109.7 113.2 1.10
Total FA covered by mature
stands
437.1 381.9 407.1 387.8 376.7 357.3 340.1 0.78
Accumulated area of forest
plantations transferred to FA
2.0 5.9 9.7 11.7 14.5 16.5 17.3 8.65
Unforested Area (UFA) 152.6 144.2 124.8 116.1 106.7 106.2 74.14) 
   of which
 •unregenerated harvested
   areas
14.0 13.3 9.5 10.2 8.6 8.6 8.5 0.61
 •burns, dead stands and
  grassy glades
70.6 68.4 51.5 43.9 36.8 34.9 31.9 0.45
 •sparse forests 68.0 62.5 63.8 62.0 61.3 62.7 33.74) 
Non-Forest Land (NFL) 311.4 300.8 296.8 309.0 300.5 292.2 285.3 0.92
1) Forest management transferred to agencies other than forest agencies,
normally to agricultural agencies for temporary use.
2) CON, HD, SD  stands dominated by coniferous (CON), respectively hard
deciduous (oak, beech, hornbeam, stone birch, etc.) species (HD) and soft
deciduous (aspen, birch) species (SD).
3) Data given without long-term leases.
4) The 1993 inventory divided sparse forests (a part of unforested areas) into
natural sparse forests (growing under severe climatic conditions, e.g. on the tree
line in the north or in subalpine zones) with an area of 41.4 million ha and
anthropogenic sparse forests which are subject to reforestation.
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Table 3.  Development of growing stock and its utilization in Russian forests
under state forest management, including long-term leases.
Indicators 1961 1966 2) 1973 1978 1983 1988 1993 Relative
change
1993 to
1961
Growing stock x 109m3 (GS) 74.1 73.5 74.0 74.7 75.4 74.7 73.0 0.99
of which - CON 62.8 60.7 61.0 60.6 61.3 60.2 57.7 0.96
              - HD 1.6 1.5 1.8 1.8 1.8 1.8 1.9 1.19
              - SD 8.7 9.5 10.2 10.7 10.9 11.3 12.1 1.39
Total GS in mature forests,
x 109m3
56.1 52.8 52.5 51.5 49.1 46.3 42.0 0.75
GS in mature coniferous,
x 109m3
48.8 45.6 44.6 44.3 41.8 38.7 34.2 0.70
AAI1), x 106m3 789.2 792.1 821.1 855.0 874.2 844.1 830.0 1.05
AAC1), x 106m3 648.9 608.5 600.9 610.0 613.6 615.0 529.0 0.77
Final Fellings, x 106m3 321.2 331.1 335.5 318.1 299.0 319.6 174.2 0.52
Thinnings, x 106m3 13.6 15.4 24.0 24.8 25.9 26.9 19.9 1.46
1) AAI (annual average increment is defined as an average ratio between growing
stock and age weighted by area), AAC (annual allowable cut, i.e. long-term
norm for sustainable harvest level) as well as final fellings and thinnings are all
accounted in m3 of commercial wood. The official conversion factor for
conversion of commercial wood to growing stock is 1.12% (Goscomles SSSR,
1991).
 
2) The Forest State Account (FSA) from 1966 did not account for growing stock in
long-term leased forests.
From 1961 to 1993, the Forested Areas of Russian forests increased by 68
million ha, mainly in forests under state forest management.  From 1961 to
1993 the total growing stock of all forests increased by 3.2 billion m3, but
growing stock of forests under state forest management decreased by 1.1
billion m3.  A significant decrease in growing stock was observed in
coniferous stands (some 5 billion m3) under state forest management.  A
significant decrease of the growing stock of mature and overmature
coniferous species of all forests took place between 1983 and 1993 (7.7
billion m3), with the major decline occurring in Siberia.  However, this
decline can not be explained by the harvest.  Thus, factors other than
harvests have been driving the decline of growing stock in Siberia.
If we take into account the systematic errors in the inventory and adjust for
the same, we get a development which is illustrated in Table 4.
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Table 4.  Reconstructed development of total growing stock in all Russian
forests from 1961 to 1993.
Indicators 1961 1966 1973 1978 1983 1988 1993
Percentage of FF area inventoried by FIP in
European Russia 36 41 44 56 75 88 94
Percentage of FF area inventoried by FIP in
Asian Russia
9 22 30 38 52 59 60
Reconstructed GS in European Russia x 109m3 16.4 16.5 17.3 18.3 19.9 21.4 22.2
Reconstructed GS in Asian Russia x 109m3 58.6 59.2 60.2 62.1 64.6 64.2 62.6
Reconstructed GS Total Russia x 109m3 75.0 75.71) 77.5 80.4 84.5 85.6 84.8
Deviation in percentage between reconstructed
and official FSA data for total GS in Russia -3.3 -1.7 -1.5 -0.4 +3.2 +4.9 +5.1
1) The long-term leased forests were not inventoried with respect to growing stock
in 1966, (about 2.2% of the total growing stock).
In this case we get an increase of the growing stock for all Russian forests of
9.9 billion m3 during the studied period, but we still have a severe decline
in Siberia during 1983-1993 (2 billion m3).
MOST IMPORTANT FINDINGS: The analyses presented make it difficult
to justify the premise that Russian forests are disappearing from a global
and quantitative perspective.
POLICY RECOMMENDATIONS:   
• There is no doubt that the quality of the Russian forests has been
seriously impoverished between 1961 and 1993.  The Russian
government must take immediate steps in order to restore the quality
of the Russian forests in all respects.
 
• The causes for decline in mature and overmature coniferous forests in
Siberia during 1983-1993 have to be clarified in order to take the
necessary policy measures against a continued decline.
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TITLE: Current Increment and Mortality of
Russian Forests
BACKGROUND: Current state, productivity and vitality of forests, as well
as some important interactions between forests and major
geobiogeochemical cycles, can only be reliably described in a quantitative
mode based on knowledge of current increment (gross and net growth). The
Russian forest inventory does not directly measure the current increment in
inventoried stands, and any official regional or aggregated data have never
been published.
TASK: To estimate the increment for dominant species at an ecoregional
level, as well as for the subjects of the Russian Federation indicators of the
current increment.  The indicators studied are gross growth dTV (i.e., total
amount of stem wood produced by forests stands currently), net growth dGS
and (current) mortality dM, dM=dTV-dGS.
APPROACH: The indicators have been evaluated with the help of a special
modeling system developed within the framework of IIASA’s Forest Study.
(see details in a SYSTEM FOR EVALUATION OF GROWTH AND
PRODUCTIVITY OF RUSSIAN FORESTS). Aggregated data of the Forest
State Account (growing stock, age, site index, density by dominant species)
have been used in the calculations. Taking into account the specifics of the
system mentioned above, some corrections  of the results could be done
based on regional modeling and expert estimates of the decline in increment
due to current environmental stress. These corrections decrease the initial
calculations for the total country by 6.7% (and the Asian part by 4.0%).
RESULTS: Gross growth (dTV) for all of Russia has been estimated to  be
1750.9 million m3 of which 717.9 million m3 (or 41%) are located in the
European part. About 68% of both dTV and dGS are generated by
coniferous, 28% by soft deciduous species and 3% by hard deciduous species.
Total net growth is estimated to be (dGS) 905.6 million m3 of which 41.8% is
in the European part.  Mortality is estimated at 845.3 million m3 of which
some 60% is located in the Asian part. The data given above only represent
the estimate for forested areas. The indicator dM does not include mortality
caused by stand-replacing disturbances (e.g., clear cut, crown and peat fires,
etc.). Mortality includes natural, pathological and mechanical mortality,
which varies significantly for different species and regions. The estimates of
the increments for the economic regions are presented in Table 1.
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Table 1. Gross growth (dTV), net growth (dGS) and mortality (dM) over
economic regions of forested areas in Russia expressed in million m3 per
year
Region dGS dM dTV
Prtibaltijsky 1.15 0.91 2.06
Northern 100.78 104.94 205.72
North-Western 26.30 23.83 50.13
Central 71.26 56.19 127.45
Volgo-Vjatskiy 45.32 37.60 82.92
Central-Chernozjemniy 15.81 14.89 19.90
Northern Caucasus 12.27 10.97 23.24
Ural 99.10 85.24 184.34
Total-European part 378.6 339. 717.9
West Siberia 108.46 113.32 221.78
East Siberia 240.67 212.28 452.95
Far East 177.86 180.43 358.29
Total-Asian part 527.0 506.0 1033.0
Total Russia 905.6 845.3 1750.9
MOST IMPORTANT FINDINGS AND RECOMMENDATIONS: The
estimates presented above are a first aggregated intermediate estimates of
current increment and mortality for the Russian forests. The rather high
level of mortality (48.2% of total productivity) is explained by anthropogenic
and natural disturbances.
The regional and aggregated data are extremely  important for forest
management as reference data for reaching sustainable development of the
Russian Forests. Due to the fact that dTV is the (stem) woody part of Net
Primary Productivity and dGS is the (stem) woody part of Net Ecological
Productivity, they help can to clarify the interaction between the Russian
forests and the global carbon budget.
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TITLE: Phytomass of the Russian Forests
BACKGROUND:  The storage and dynamics of phytomass are important
biological indicators which are relevant for the quantitative description of
several criteria for sustainable forest development.  Two examples of such
indicators are the biological productivity of forest ecosystems and the impact
of forests on the carbon budget. A systematic analysis of the inventories of
vegetation phytomass in forests was started at the beginning of IIASA’s
Forest Study in Russia.
TASKS:  To conduct three steps of analysis:
1) To develop a Data Base on forest vegetation phytomass fractions over
basic characteristics of forest stands (species, age, site index, forest type,
geographical location, etc.) including all available and carefully cross-
checked data;  2) To generate a unified set of regression models for the
estimation of phytomass fractions by dominant species and geographical
regions; 3) To evaluate current stock and  the recent dynamics of the
phytomass fractions by administrative units of Russia.
APPROACH:  The following phytomass components were included in the
analyses: foliage (needles), branches (wood and bark of the crown branches),
stem (wood and bark of the stems), understory phytomass (forest floor
phytomass + undergrowth + bushes), and below ground forest stand
phytomass. The total phytomass of the forest ecosystem vegetation was
calculated as the sum of the components listed above. Due to the fact that
data from the Forest State Account was intended to be used as the basic
initial data, the ratio Rv(fr) = Vfr / Vst , where Vfr is the weight of a phytomass
fraction in megagrams, and  Vst is the growing stock in cubic meters, was
used in the calculations. Multiple regression approaches, which were
adapted specifically for forest biometric calculations, were used in the
search for adequate analytical models, employing the following parameters:
age, average diameter, average height, site index and relative stocking.
RESULTS:  The developed data base includes about 2500 sample plots with
direct measurements and different statistical aggregations. Regression
models for Rv(fr) were developed for the main forest forming species covering
about 90% of the Russian forested area. The equations included (at 5% level
of significance)  age and site index and had a good fit for the majority of
phytomass fractions for given species and a given region. Complex
exponential equations were used in the analysis. The results were validated
by statistical methods based on the significance of multiple non-linear
correlation coefficients and different published data of direct measurements
and statistical evaluations. The calculations on the storage of forest
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phytomass fractions Rv(fr), used age, site indices and the growing stock by
dominant species parameters.
Aggregated results on the phytomass of the Russian forested areas are
presented in Table 1. The total C content of the forest vegetation in 1993
was estimated to be 32.09 Pg C of which 7.96 Pg C, or 25%, were stored in
the European part of Russia. The average C density is estimated to be 4.04
kg C/m2 in the Asian part and 4.79 kg C/m2 in the European part. The total
average C density for Russia is 4.20 kg C/m2.  The regional variation of the
density is in the range of 3.33 (East Siberia) to 7.80 kg C/m2 (Northern
Caucasus). By using the average regional ratio Rv(fr) (which at average is
0.398 Mg C/m3 for all Russia) and forest inventory data it could be shown
that from 1961-1993 the stock of phytomass in forest vegetation increased:
1) if official statistical inventory data are used: from 30.93 to 32.09 Pg C
(the increase is 3.8%), and 2) if a “reconstructed” dynamics of growing stock
(in which systematic errors of forest inventory data are deleted) is used: the
phytomass is estimated to have increased from 29.92 to 33.73 Pg C or
12.7%. If we consider the last ten year period (1983-1993) the phytomass
stock decreased slightly (by -1.6%) based on the official data and did not
change at the application of the “reconstructed” dynamics.
Table 1. Phytomass and carbon content of the forest vegetation in forested
areas of Russia in 1988.
Regions Stock of phytomas s Carbon content Rv(fr)
Total, Tg Density,
Mg/m2
Total, Tg Density,
Mg/m2
Pre-Baltiisky 35.0 12.86 17.4 6.40 0.373
Northern 6721.1 8.87 3306.7 4.37 0.417
North-Western 1096.4 10.85 543.4 5.38 0.343
Central 2145.6 10.30 1063.2 5.10 0.342
Volgo-Vjatskiy 1304.7 9.72 646.0 4.81 0.347
North-Chernozjomniy 164.4 11.05 80.6 5.42 0.377
Povolshskiy 430.3 9.00 213.6 4.47 0.358
North-Caucasian 585.6 15.68 291.3 7.80 0.440
Uralskiy 3635.6 10.14 1799.0 5.02 0.353
Total-European part 16118.7 9.70 7961.2 4.79 0.377
West Siberia 8374.6 9.30 4187.3 4.65 0.382
East Siberia 21241.5 9.32 10620.7 4.66 0.384
Far East 18637.7 6.67 9318.9 3.33 0.445
Total-Asian part 48253.8 8.08 24126.9 4.04 0.405
Total-Russia 64372.5 8.43 32088.1 4.20 0.398
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MOST IMPORTANT FINDINGS AND RECOMMENDATIONS: There is
evidence of a decreasing phytomass development during the last 10 years.
These tendencies are connected with the high level of disturbances in the
Russian forests, basically caused by other factors than harvests, It means
that future forest management in Russia should pay much more attention to
forest protection against fire and outbreak of insects and pests.
The results of the calculations are crucial for the evaluation of the carbon
budget of the Russian forests.
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TITLE: Disturbances in Russian Forests
BACKGROUND: Anthropogenic and natural disturbances, defined as any
external impact, which change the natural – i.e. evolutionary successional
dynamics of a forest ecosystem – can significantly influence the state,
productivity, and biodiversity of forests.  In spite of the fact that Russia is
one of the few countries which possess vast areas of natural and virgin
forests, the rate of disturbance is still high.  Specifically in the boreal zone of
Russia.  Evidently, disturbances must be closely monitored and evaluated in
a quantitative manner.
TASK: (1) To develop a relevant classification system of the disturbances
and a set of relevant indicators for their description, and (2) to collect data
and evaluate the impact of disturbances on successional dynamics,
productivity and major biogeochemical fluxes.
APPROACH: Analyses of the disturbances are related to two basic objects,
namely forest biogeocensis and landscape. Classification of the disturbances
must be closely linked with criteria used for the assessment of sustainable
development and sustainable forest management.  Several different
classifications have been used; by genesis, by the type of the disturbance
(biotic, abiotic and anthropogenic disturbances), and by successional
dynamics (e.g. stand-replacing and non-stand replacing disturbances).
The indicators used to describe the disturbances at an ecosystem level are;
extent, frequency, intensity, synergetic impacts, and successional time.  The
indicators at the landscape level are loss of productivity and changes in
forest cover.
To make quantitative estimates of the different disturbances by ecoregions,
data from the national forest inventory, regional surveys, and numerous
publications have been employed.
Results: The total Forest Fund area that is significantly impacted by
disturbances is estimated at 10 million ha annually.  Five major groups of
disturbances – fire, outbreaks of insects and diseases, harvest, industrial
exploitation (such as oil and gas exploitation), and pollution – contribute by
some 90% of the severe disturbances to the Russian forests.
These disturbances are crucial for the successional dynamics of the forests
in the European North, West Siberia, East Siberia and the Far East.  The
consequences of the disturbances are a decreased share of virgin and
natural forests, expansion of secondary forests, and losses of productivity.
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Under optimal ecological conditions the relative stocking for large regions in
Siberia is in the range of 0.75-0.85 but the current relative stocking is in the
range of 0.5-0.6.  The losses of potential productivity due to disturbances is
estimated to be 30-50% for major taiga regions.
Estimates indicate that the expected climate change will increase the
disturbances substantially in the Russian forests mainly by increased forest
fires and increased outbreaks by insects and pests.
POLICY RECOMMENDATIONS: There is an urgent need to improve the
current forest monitoring system with respect to disturbances, specifically
in Siberia and the Far East. Remote sensing methods present one possibility
to achieve operative and reliable data on disturbances in Northern Regions
of Russia.  But it is also important to collect information on the productivity
which should be measured at 3 levels: actual, achievable (corresponding to
the principles of sustainable development), and potential.
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TITLE: Soil and Litter Carbon
BACKGROUND: Soil cover represents the largest reserve of carbon in
terrestrial ecosystems.  The role of soils in global cycling is crucial.
However, soils still remain one of the least studied carbon sinks.  There are
only scattered quantitative analyses available which, to a large extent, is a
result of a lack of commonly accepted methods for soil carbon assessments.
This is especially true for the evaluation of stable and labile compounds of
organically-bound carbon.
TASK: To determine soil carbon estimates for Russia supported by an
extensive database including both organically-bound and carbonate-bound
carbon, carbon stored in litter, and the stone content in different soil types.
Also, to represent the soil carbon estimates in a digitized map.
APPROACH: An extensive database on soil types and corresponding carbon
content for Russia was created.  Special assessments were carried out on the
bulk density of soils, content of stones, and content of coarse organic
fragments.  These data were employed in the estimation of the Russian soil
carbon.
RESULTS:  The estimate shows a total pool of 453,367 million tons of
carbon in the 0-100 cm layer of Russian soils.  From this total carbon pool,
25% (or 111,279 million tons) are in the form of carbonates, and 75% (or
342,089 million tons) are in the form of organic carbon.  Of the organic
carbon, some 35% (or 119,461 million tons) are accumulated in peat and
litter.
For each of the layers 0-20 cm, 0-50 cm, 0-100 cm digitized maps of the
carbon content have been constructed.
MOST IMPORTANT FINDINGS: The most important finding may be that
the total carbon pool estimate for Russian soils is substantially higher than
earlier published estimates.  This can be explained by better data, more
thorough assessments, and the inclusion of the carbonates in the estimate.
POLICY RECOMMENDATIONS:  It is clear that Russian soils play a
crucial role in the global carbon cycle.  Therefore, it is extremely important
that Russian authorities establish policies for land-use and forest
management that can support a sustainable or increased development of the
soil carbon pool in Russia.
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TITLE: Carbon Cycle and Forest Management
BACKGROUND: Analyses of the state and structure of the Russian Forest
Fund allows us to conclude that forest management regimes complying to
the criteria of sustainable forest management will significantly increase the
sequestration of carbon by the Russian forest ecosystems. Russia has some
important advantages with respect to increased carbon credit offset due to:
1) vast areas available for large-scale reforestation; 2) low cost of lands; 3)
stability of Russian temperate and boreal forests is rather high, and 4)
major forest forming species have relatively long life spans.
TASK: To develop, at the ecoregional level, a scenario of forest
management options within the framework of sustainable development,
which could provide a significant increase in carbon sequestration by
Russian forests during the next century.
APPROACH: The developed scenario is based on the following basic
prerequisites: 1) the cost of 1 ton additionally sequestered carbon should not
exceed 3 US $ (1992 year’s dollar value); 2) it should be possible to realize
the scenario with current available labor and technologies; 3) the period of
scenario implementation is 40 years, and all impact calculations should be
made for 100 years following the year of the start of the scenario
implementation. The scenario includes 3 major components: 1) increase of
forest productivity through improvement of the state of forests and
structure of the Forest Fund (large-scale afforestation, reconstruction of less
productive stands, partial replacement of soft deciduous and “climax” forests
and intensified thinning); 2) decreased carbon losses of forest ecosystems by
improved protection of forests and improved forest product utilization; 3)
improved landscape management (agroforestry, urban and industrial
ecological management). The additional sequestration of carbon has been
estimated as the difference between carbon storage after  the realization of
the above options  and the carbon storage of current stands.
RESULTS: The basic results are presented in Table 1. An implementation
of proposed measures will significantly increase the carbon sequestration:
the average estimate of additional carbon sequestration is 600 Tg C
annually although uncertainties of the estimates are rather high - the range
is from  345  Tg C/year to 845 Tg C/year. The extent of future uncertainties
significantly depend upon future social, political and economic developments
in Russia. However there are no doubts that Russia has substantial
potential towards increased carbon sequestration.
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Table 1. Possible increase of carbon sequestration due to improved forest
management in Russia during next 100-years period.
Options Area
involved at
the end of 40
years period
Annual
rate,
million
ha
Additional
sequestration
Pg C
Total carbon
sink, Pg, by
version
low high
Large-scale reforestation
of unforested areas
64 1.6 9.8 6.9 14.0
Reforestation of burned
areas and clear cuts
20 0.5 3.1 2.1 4.4
Reconstruction of
low-stocked forests
60 1.5 6.7 4.0 12.0
Rehabilitation of “climax”
stands
25 0.6 2.7 2.2 5.1
Implementation of
appropriate intermediate
stand treatment
75 6.0 - - 3.0
Improvement of forest
protection
1010 - 0.3 8.5 19.5
Decreased impact of
abiotic factors
- - 4.1 2.6 9.5
Agroforestry 60 1.5 13.3 8.2 17.0
Total for the scenario 40.0 34.5 84.5
RECOMMENDATIONS: Currently Russia does not have the economic
means for a complete realization of the scenario. Some of the measures,
which are vital in existing forest management regimes (agroforestry, forest
fire protection, forest regeneration, etc.) are currently provided to a small
extent. In the initial period of transition to sustainable development the
implementation of pilot projects in specific territories (with areas from
hundred thousands to million hectares) would be relevant. Such projects
could be supported by large domestic and foreign companies if the selected
regions have a strong forest industrial structure and appropriate conditions
for forest investments. Foreign governments (e.g., in the framework of such
initiatives as the “Model Forest”) could support such activities. However
sufficient and improved forest protection is an obligatory prerequisite for
carbon forest management.
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TITLE: Russian Forests and the Global Carbon
Cycle
BACKGROUND: Some 20% of the world’s closed forests and nearly 80% of
the total boreal forests are located in Russia.  These huge areas of Russian
forests play an important role in global biochemical cycles and also
consequently play a crucial role in the mitigation of estimated future
climate change.  Forests can act as a sink or source of greenhouse gases
depending on the state, productivity, species, age structure, and rate and
extent of disturbances. The forests’ capability to maintain global ecological
cycles is one of the criteria for sustainable forest management.
In light of the fact that Russia has signed the Climate Convention, an
estimate of the Russian forests’ current contribution to the global carbon
budget is of vital political importance.
TASK: The overall task has been to investigate the interaction between the
Russian forests and the global carbon cycle.  These investigations include:
• evaluating the current role of Russian forests in the global carbon
budget;
 
• evaluating the possibilities of the Russian forest sector to mitigate
global climate change through improved forest management (See
Forest Management of Russia and the Carbon Budget); and
 
• evaluating future dynamics of the forests and their impact on the
carbon budget as a result of climate change.
APPROACH:  The carbon budget is a dynamic process and estimates can
only be done for a specific period of time or for a specific point in time.
Estimates on the interaction between forests and the carbon cycle have been
carried out for the period 1961-1993, with special analyses for the period
1983-1993.
An approach developed by Canadian scientists for carbon analyses of the
boreal forests has been employed, but with significant changes based on the
specifics of the forests and forest management in Russia. This approach
includes structuring of the carbon pools of the Russian Forest Fund (five
initial pools were considered: carbon in living phytomass, in detritus, in soil,
in peat and in forest products), estimations of the size of the pools,
estimation of the fluxes between the pools and the atmosphere, and water
reservoirs. Carbon pools are estimated based on the State Forest Account
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used within the framework of the IIASA Study, and digitized maps
(vegetation, soils, landscapes).  Fluxes are calculated following two
approaches:
• model estimates based on the productivity of terrestrial biota of
different land cover categories of the Forest Fund and impacts of
disturbances.
 
• model estimates based on long-term forest inventory data (1961-
1993).
RESULTS:  Based on the model approaches, the Russian forests are
estimated to be a modest net sink of carbon in the early 1990s — a sink of
roughly 100 million tons C per year.  The Net Ecosystem Productivity of the
Forest Fund (without taking stand replacing disturbances into account) is
estimated to 330 million ton C per year and emissions caused by
disturbances is estimated to 230 million ton C per year.
Analyses of forest inventory data for the period 1961-1993 allow us to
estimate that the average carbon sink for this period was 140 million ton C
per year, of which 110 million ton C were sequestered in wood.
During the period 1983-1993 the total Russian forests changed from a net
sink to a net source of carbon.  The forests of the European part of Russia
were still a net sink, but the Asian forests were a major net source due to a
strong decline of the growing stock caused by disturbances.
RECOMMENDATIONS: The transition of the Russian forest sector to
sustainable development is necessary to increase the role of the Russian
forests in the global carbon budget.  There are many forest management
options available for increasing carbon sequestration but the first option
would be to improve the protection of the Russian forests.
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TITLE: Assessment of Methane Fluxes from the
Russian Soils
BACKGROUND: Methane is involved in many chemical reactions
connected with atmospheric gases and thus strongly influences the Earth’s
energy balance (the greenhouse effect).  A molecule of methane (CH4) is 21
times more radiatively active than one of carbon dioxide (CO2).
The global atmospheric concentration of methane has increased from a
relatively stable level of 0.7 ppm to 1.7 ppm during the last 300 years.  The
rate of increase has accelerated during the last 100 years.
The total annual global flux of methane to the atmosphere is estimated to
be 374-714 Tg.  Thus, there is not only great uncertainty surrounding
methane fluxes, but also in the processes of methane formation and
consumption.
TASK: To develop consistent estimates of the total methane fluxes from the
land of Russia.
APPROACH: Two studies have been carried out on this issue.  In the first
study, the FAO/UNESCO Soil Map of the World was used as a basis for
analyses.  Each methane producing soil unit was specified with assigned
methane fluxes.  Estimation of the specific fluxes was made according to
directly measured values of emission rates from sites corresponding to
specific soil units.  The methane emission rate from a certain soil unit was
only linked to the length of the period of biological activity in a simple way,
namely: permafrost or non-permafrost areas.  It was assumed that the
emission of methane could only take place during a period of biological
activity.
In the second study, the Soil Map of the World was again used as a basis for
analyses.  But in this case much more direct measurements of data on soil
specific fluxes were employed.  In addition, the fluxes for different soil units
were estimated based on their geographical location and environmental
conditions. An attempt was also made to estimate not only the emissions of
methane, but the methane consumption by different Russian soils.  A
specific methane fluxes database for Russia was developed.
RESULTS: The first study resulted in an estimate of the net methane
fluxes from the Russian soils to be an average of 39 Tg annually.  The
second study, which was more detailed resulted in an estimate of annual
average fluxes of 24Tg, which is thus substantially lower.
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MOST IMPORTANT FINDINGS: The results indicate that the fluxes from
the Russian soils generate 3-10% of the global net annual fluxes of methane.
This estimate is based on 60% of the land area in Russia with site and soil
type specific fluxes and a detailed estimate of the biological active period.
The missing 40% of the land areas in the estimate are constituted by soils
which are assumed not to influence the total flux estimate.
POLICY RECOMMENDATIONS: The dominating net methane emitting
soils are histosols (39%), negosols (33%), and gleysols (19%).  In order to
reduce the net methane emissions from the Russian soils, emission reducing
management plans for these soils must be established.
The majority of soil units with no direct field measurements on the methane
fluxes are wetlands and wetsoils.  Intensified measurements of fluxes from
these soils have to be carried out.
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TITLE: A System for Evaluation of Growth and
Productivity of the Russian Forests
BACKGROUND: Normative Reference Data (NRD) used to estimate growth
and productivity of the Russian forests play a crucial role in many forest
and ecological management implementations in Russia.  The existing NRD
in Russia are presented by numerous models in analytical, and more often,
in numerical forms (yield tables of different types, models of current
increment etc.).  In spite of much effort to arrange these NRD into one
consistent system during the 1980s and 1990s in Russia, most of it is
inaccessible for large-scale applications (both for the total country, and
large-scaled regions such as Siberia etc.) due to:
• Territorial and parametric incompleteness of the NRD (models and
tables have not been developed for certain regions and species),
 
• Use of different definitions and classifications for similar types of
tables, and
 
• Inaccessibility to basic data for computerized analyses.
TASK: To develop a modeling system to estimate growth and productivity of
the Russian forests.  The basic principles followed for the model
development are:
• Spatial and parametric representation
 
• Regional tables having priority over general tables and model tables
having priority over normal tables
 
• Unified and simple model system
 
• The accuracy of the estimates from the growth and productivity
system should be within ±10% of observed values.
APPROACH: The basic data for the modeling effort includes all available
models and tables that describe the growth and productivity of the former
Soviet Union (yield tables of different types for fully-stocked stands and
models on current increment from actual stands), data provided by various
Russian institutes on increment and mortality, and different publications
dealing with the subject.  The basic classification units are site index and
type of age stand structure.  The modeling of growth − average height and
diameter, basal area, and growing stock − is based on Richard Chapman’s
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non-linear growth function.  The basic function is modified in order to
handle the dynamics of degenerating phases of evenaged stand
development.  From the work done it is proven that sets of coefficients from
the Chapman function can be rearranged by regression applications to a
function of site index classes and densities of growing stock that allow a
spatial extension of the model applications.
RESULTS: The modeling system developed includes  2- and 3-dimensional
models:
• Stand growth of different Forest Forming Species (FFS) based on
general and regional models for fully-stocked stands as well as on
regional yield tables for model stands.  Growth estimates are
available for 17 major forest forming species.
 
• Models that estimate the productivity of the main FFS (dynamics of
growing stock, total productivity, net and gross growth) as a function
of site indexes and densities.
 
• Auxiliary models and expected estimates for unevenaged and mixed
stands.  The system also includes an algorithm to estimate missing
regions and species in the basic data.
MOST IMPORTANT FINDINGS: This is the first time that a system of this
kind has been developed for Russia and the Russian forests, making it
possible to estimate the current productivity (increment) of the forests.  The
system can be used in numerous applications in forest management
(national forest inventory system, estimation of sustainable harvest etc.) as
well as in different ecological evaluations, e.g. for the carbon budget.
It has been suggested that the system be published in numerical form in
Russia for wide-scale use after being evaluated and approved by the Federal
Forest Service of the Russian Federation.
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TITLE: Modeling the Forest Fund’s Natural and
Anthropogenic Dynamics
BACKGROUND: Quantification of a strategy for sustainable forest
management,  and sustainable  structures of environmental and economic
values is impossible without long-term forecasts of the Forest Fund
dynamics, taking into account the influence of the entire complex of
anthropogenic and natural factors.  A useful method to achieve such
quantifications is mathematical modeling of the dynamic processes of forest
ecosystems in the various regions of Russia.  Mathematical modeling also
makes it possible to make trajectories of the Forest Fund development, for
different regimes of forest resources use, protection and reproduction.
TASK: To develop a mathematical model which allows the formation of
trajectories of the Forest Fund development, appropriate for the  evaluation
of strategies of forest management and the estimation of future forest
resource potential. The model formulation is based on available forest
inventory data, accumulated knowledge of the main dynamic processes of
the Forest Fund, as well as current norms and rules of operation, which
regulate forest protection, forest use and reproduction of forests.
APPROACH:  The Forest Fund dynamics, i.e. change in time of the
structure of forest land cover, species composition and age structure of
forests is considered as the result of the biological growth and management
impacts.  Impacts of forest fires,  insects and forest diseases, other
anthropogenic and natural factors are referred to as disturbance factors.
Influences by harvest, forests reproduction,  protection and conservation
measures, are referred to as management influences.
Depending on the availability or absence of management two types of Forest
Fund dynamics are considered - natural respectively anthropogenic
(controlled). Natural dynamics are determined by biological processes of the
stand development, such as the natural stand succession, processes of
destruction and mortality under influence of biotic and abiotic factors, and
natural reproduction of forests on burnt  areas and other categories of
unforested lands. Anthropogenic Forest Fund dynamics are simulated by
imposing management interventions on the natural dynamics of the forest
ecosystems. The following types of management interactions are considered:
final felling (clear, selective and gradual fellings), thinnings, reconstruction
harvests, forest plantations, measures of support for natural regeneration,
and measures for forest protection and conservation.
The model developed makes it possible to illustrate the Forest Fund
development based on different strategies for forest management. Each
strategy is set by a definite regime of forest utilization, level of forest
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protection and conservation, and regime of forest regeneration. From a set of
forest management strategies and connected Forest Fund development one
can choose a strategy, which satisfies the ecological and economic
restrictions, and provides satisfactory sizes of a sustainable harvest.
Protection of species composition diversity and representation of the main
forest forming species in the Forest Fund are considered as environmental
restrictions. A non-deterioration in the structure of species composition is
considered as a major restriction.
RESULTS:  Calculations of the natural and anthropogenic dynamics of the
Forest Fund were carried out for each individual ecoregion of Siberia (65)
based on the following strategies of forest management: with existing and
increased levels of forest protection and conservation; with different degrees
of forest regeneration (and on some sites only by natural regeneration); and
with restrictions and without restrictions on the required species structure
of the forests by the end of  the forecasting period (200 years).
MAJOR FINDINGS:
1. The major factors determining the natural dynamics of the Forest Fund
in individual ecoregions are the processes of natural succession in the
forest ecosystems, the extent of forest destruction after fires, insects and
other disturbances, and the nature of the forest forming processes on
burnt areas and other unforested areas.
 
2. The impact of anthropogenic dynamics on species structure of the
exploitable Forest Fund is determined by the selected strategy of forest
management and the ecological restrictions included in the model.
 
3. At the current extent of disturbances, the dynamic processes of the forest
ecosystems do not lead to irreversible changes in the species composition
and the age structure of the forests of Siberia and the Far East. At a
constant level of disturbances the Forest Fund comes close to an
equilibrium state, at which the age structure of species and unforested
areas are stabilized.
 
4. A realization of the strategies for currently discussed sustainable forest
management does not lead to irreversible changes in the species
structures of the forests. The forest age structure resulting from
anthropogenic dynamics, is accompanied by a current reduction of
available growing stock and an increase of the future stock accumulation.
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TITLE: Estimation of the Maximum Sustainable
Allowable Harvest
BACKGROUND: Current methods to evaluate the sustainable allowable
harvest (Annual Allowable Cut - AAC) in Russia do not consider some of the
central dynamic processes of the Forest Fund, as well as the ecological and
economic requirements of sustainable forest management.  Some examples
of important dynamic processes affecting the resource potential and the
ecological status are forest fires, insect outbreaks, natural succession, and
regeneration of burnt areas and unforested lands.
The impact of these processes on the harvest level and required forest
regeneration as well as the required measures for conservation and
protection of forests dictate the need for new methods to evaluate forest
potential under different strategies of forest management.
TASK: To estimate the sustainable annual allowable harvest and illustrate
the harvest levels associated with different scenarios on future forest
management.
APPROACH: The approach used is described in the Summary Sheet
“Modeling the Forest Fund’s Natural and Anthropogenic Dynamics”.
RESULTS: The maximum sustainable annual harvest was estimated for
each of the ecoregions employed by the IIASA Study using different forest
management strategies.  These strategies include scenarios with the
existing and with an improved level of forest conservation and protection,
with forest plantations and without them, and with constraints on species
composition respectively without such constraints.
MAJOR FINDINGS:
1. Anthropogenic dynamics of the Forest Fund in the ecoregions of Siberia
and the Far East are significantly dependent on forest management
strategies, defined as regimes for forest exploitation, forest regeneration,
and the level of forest protection and conservation.  Tree species
composition of the forests is determined by the ecological constraints set
in the model, while the age structure is mainly dependent on the rate of
clearcutting.
 
2. The Forest Fund for each ecoregion is progressively stabilized over time
by using a strategy of sustainable forest exploitation.  A stable state of
the Forest Fund means a stable species and age composition of forests
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and unforested lands under constant levels of disturbances and control
regimes.
 
3. Stabilization of the age structure in forests by using final fellings to
achieve high sustainable harvest levels leads to a decrease of the
growing stock in ecoregions with a substantial amount of mature and
overmature stands.  The decrease is partly compensated by an increase
of the future net increment in these ecoregions.
 
4. An ecologically determined final harvest does not necessarily cause
destructive changes in the species composition and the age structure of
the forests.
 
5. The maximum sustainable allowable harvest in each of the ecoregions in
Siberia and the Far East is to a large extent dependent on the initial
state of the Forest Fund and the employed forest management
strategies.  The level of conservation and protection also play a very
important role.  In areas seriously disturbed (between 0 and 1% of the
area annually), the level of annual allowable harvest can decrease by a
factor of two for the final harvest.  Implementation of systematic forest
plantations can increase the sustainable allowable harvest by 10%.
 
6. A strict ecological constraint based on the species composition can lead to
a considerable decrease in the sustainable harvest level, and even a
complete elimination of clear fellings.  Without employing such species
composition constraints, a significant increase in the sustainable harvest
level can be achieved.
 
7. The current level of conservation and protection of forests, the current
dominance of natural regeneration, and the current absence of
constraints on species composition result in sustainable harvest levels
which are lower than the current established allowable harvests for the
majority of the Siberian and Far Eastern ecoregions.  This is due to the
fact that methods currently employed for estimating the allowable
harvest in Russia do not take into account stand mortality caused by
forest fires and other natural processes, natural stand succession, real
regeneration times, and ecological constraints.
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TITLE: Economic Wood Supply
BACKGROUND: Due to rapidly changing prices the geographic pattern of
roundwood production in Russia has changed considerably. Inefficient
allocation of harvesting activities are revealed. An increasing number of
enterprises have entered the "dead-zone" of economic accessibility leading to
social strain in declining logging towns.
The forest sector has proved to be one of the most successful sectors in
helping to restructure the economy of The Russian Federation. Presently
there is no doubt that the forest industry will continue to gain relative
importance and thus generate increased income and employment. The latter
is particularly true for harvesting operations.
TASK: Tailor a Decision Support System for analyses of the Economic
Wood Supply using both engineering and economic expert knowledge and
taking advantage of the large database of the IIASA Study. The final tool
will be able to give sensible answers to the following questions:
• What are the realistic market scenarios?
• How will the geographic pattern of harvest evolve?
• What is the most likely future pattern of employment?
• What if harvesting technology changes?
• What happens if product, production and transportation prices change?
• What can governmental policy interventions do?
APPROACH: Forecasts of national and international demand and prices
are calculated by the latest developed econometric approaches using panel
data. Harvesting operations are described by engineering models and using
individual enterprise data. Productivity of harvesting depends on inter alia
average log-volume, terrain conditions and snow cover. The geographic
distribution of producers is determined by simulation of tender auctions.
The model is calibrated with real data. The approach taken allows
maximum use of the IIASA Study databases and integrates modeling
results from other teams of the vast IIASA scientific network which has
been gradually built over the years. These informational links are unique
and allow transnational interdisciplinary research.
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RESULTS AND RECOMMENDATIONS: Numerical results are not yet
presented due to necessary refinements in the data structure. However, it
has become apparent in the building process of the modeling tool that:
• Asian countries will be the major buyer markets. Cost competitiveness
is the most decisive force in these markets.
 
• Increasing the market power of Asian buyer countries will result in a
higher concentration in the Siberian Forest Sector. Due to the fact that
the woodworking industry will have to take advantages of economies of
scale, harvesting will be scattered around large woodworking plants or
strategically placed in the vicinity of transportation ports for export.
 
• Harvesting activities will have to be abandoned in less competitive
regions and new activities will start in others. A better infrastructure to
facilitate factor mobility should be financed.
 
• Contract-uncertainty decreases the total traded volume and leads to
inefficient production patterns, thus competitiveness in the entire sector
declines. Programs to improve the business environment should
immediately come into place.
 
• Regardless of technological choice and increasing future output,
harvesting will have to be less labor intensive. Labor productivity is six
times lower than in comparable Western regions.
 
• Currently the obsolete areas for harvesting from an economic point of
view are mainly determined by transportation costs. The uncertainty of
future transportation costs is most harmful to any economic action in
the harvesting sector.
 
• Support to the forest industry should only target economically efficient
projects. Helping the forest industry in areas where harvesting and
subsequent processing are economically inefficient harms the industry
and binds labor and other productive factors which could more
effectively be employed elsewhere.
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TITLE: Biodiversity of Siberian Forests: Concepts,
Preliminary Analyses, and Proposed Research
Directions
BACKGROUND: Worldwide concern for both forests and biodiversity is now
being expressed loud and clear.  At the global level, all three of the
agreements reached at UNCED in 1992 - i.e., climate, biodiversity and
forests - have a major focus on forests.  Indeed, much of the global
biodiversity debate focuses on forests, and much of the forest sustainability
debate focuses on biodiversity conservation.  Major attention to forest
biodiversity is not reserved only for the threatened, species-rich tropical
rainforests, nor for the spectacular temperate rainforests of North America's
west coast.  It extends to all types of forest ecosystems around the globe, not
the least of which are the boreal forests.
Concern for biodiversity in boreal forests is most acute when the timber in
those forests is aggressively harvested.  Others have described the history of
forest exploitation in Siberia.  Forest management to date, consistent with
practices throughout the world, have not been implemented with a watchful
eye toward conservation of biodiversity.  Thus, policies for future
management of Siberian forests need adjustment so that critical elements of
forest biodiversity may be protected while timber continues to be harvested.
TASK: Given our analytical resources, we were modest in setting out goals
for the initial analyses of biodiversity conservation in Siberian forests.  Our
main objective was to use databases acquired by and assembled by the
IIASA study to try to understand the broad biodiversity patterns across
Siberia at three scales: (a) all Siberia, using an ecoregional database; (b) one
ecoregion, using a "forest-fund" database; and (c) one enterprise, using a
detailed forest inventory.  In addition, we attempted to assemble additional
data concerning red-listed fauna and flora, to be used later in further
biodiversity analyses.
APPROACH: For forest biodiversity at various spatial scales, the main
approach was to use a Geographic Information System to analyze forest-
cover patterns and their determination by natural and anthropogenic forces.
At the pan-Siberia level, we tried to find relationships between climatic and
edaphic factors and the broad patterns of forest types (ecosystem diversity)
across Siberia.  At the ecoregional level, we used several biodiversity-related
indicators to chart effects of management and exploitation on forest
sustainability.  At the enterprise level, we used various landscape ecological
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metrics to compare zones of intensive timber harvest with zones of no
timber-harvest activity.
RESULTS AND PRINCIPAL FINDINGS: Using broad, continent-scale
patterns of temperature, precipitation and soil classes as abiotic driving
variables, and phytomass production, dominant-species abundance and
distribution, and forest age-class structures as response variables, we
showed that the ecoregional database assembled by Russian collaborators
for the IIASA study can provide some sound relationships.  In particular,
vegetation diversity can be modeled as a response to air and soil
temperature, heat sums, and intensity of human disturbance.
At the examination of major threats to forest biodiversity in the Angara-
Lena ecoregion of south-central Siberia the following indicators were used:
forest cover diversity, forest age diversity, critical habitats, forest
fragmentation, forest cover extent, and forest disturbance extent.  Using
these indicators, we were able to identify that threats to forest biodiversity
were relatively high in the western half of the ecoregion, due mainly to a
lack of protected areas and to high degrees of timber exploitation.  In the
east half, by contrast, threats to biodiversity are relatively low, due mainly
to low levels of timber harvest and a large area of protected landscapes.
We investigated changes in forest biodiversity conditions by comparing
logged and unlogged portions of the Katinsky forest enterprise in the
Angara-Lena ecoregion.  We found logged forests to have a much younger
age-class structure and to be highly fragmented compared to unlogged
forests.  Such patterns have obvious implications for flora and fauna that
require unfragmented old-forest habitats.
POLICY IMPLICATIONS: The results of analyses carried out so far at
IIASA regarding Siberian forest biodiversity are not directly usable in
redirecting policies for operational forest management.  However, they do
point to potential undesirable effects on forest biodiversity of insensitive
exploitation for timber.  Clearly, the extent of such effects, and the means to
ameliorate them, requires much greater depth of analysis than carried out
so far at IIASA.  Accordingly, the results have fulfilled two functions: (a)
they underscore the importance of examining landscape- and ecoregional-
scale problems of conserving biodiversity during intensive forest use and
management; and (b) they exemplify promising avenues for a much broader
set of further analyses that can be used directly in policy reformulation.
The work has generated a proposal for such further analyses, including:
(a) simulation-based analysis of biodiversity-conservation implications of
alternative strategies for forest management, at the enterprise level
using enterprises in West and East Siberia and the Far East;
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(b) pan-Siberian forest biodiversity analysis using augmented databases
for ecoregions, landscapes, and forest enterprises;
(c) definition of biodiversity-sensitive forest-management strategies,
based on professional experience, research data, and results of forest-
level simulation analyses (as above); and
(d) policy assessments for biodiversity conservation.
However, even at this stage, the initial analyses give some broad policy
indications:
• in large-scale uniform landscapes forest management will not
necessarily decrease the biodiversity, but increase it;
 
• fire suppression may decrease the diversity;
 
• a more efficient distribution of protected areas is required from a
biodiversity point of view; and
 
• the biodiversity is directly scale dependent and future policies on
biodiversity have to take into account the interaction between the
different scales.
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TITLE: Landscapes and Bioproductivity
BACKGROUND: The idea of a landscape approach has dominated Russian
schools of natural sciences for a long time.  The first attempts to regionalize
the territory of Russia into landscapes were made already in the middle of
the 19th century.
Recent scientific findings underscore the importance of examining
landscapes of different scales in ecological forestry research, e.g. the
biodiversity complex.
TASK: The tasks of the work carried out have been to generate a database
of Siberian landscapes, which could be used for quantitative
parameterization of landscapes and for generation of a digitized map of the
same.  In addition, corresponding estimates of the bioproductivity of the
landscapes should be carried out.
APPROACH: All existing landscape classifications in Russia were compiled
with the objective to integrate different landscape concepts into a unified
system.  The work followed the theory of enumerative classifications.
The unified landscape description was used to improve bioproductivity
estimates by overlaying Basilevich’s maps of vegetation and bioproductivity
on the landscapes.  Bioproductivity estimates can also be generated by
combining the unified landscapes with forest succession data.
RESULTS: The formalized landscape description allowed us to represent so-
called Natural Area Complexes (NAC) determined by different authors in a
unified data space.  The landscapes (or NACs) could be represented in a
digitized map form.
The currently identified set of large-scale landscapes in Siberia (or
“landscape types” or “regions”), based on the analyses, and currently
employed by the IIASA Study, consists of 347 landscapes to be used in
Biodiversity analyses.
A more detailed division of landscapes is under development (more than
2,000 landscapes and about 4,000 map polygons) for consistent analyses of
bioproductivity and forest succession.
MOST IMPORTANT FINDINGS: Maybe the most important finding so far
was that it is possible to unify all existing landscape concepts in Russia into
one consistent system.
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POLICY RECOMMENDATIONS:  The work presented is an excellent tool
for analyses of policies affecting forest dynamics, forest productivity and
biodiversity.
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TITLE: Endangered Species
BACKGROUND: Loss of biodiversity and the growing number of
endangered species is increasingly becoming an international problem.
Numbers of species of plants and animals are declining rapidly and, in
many cases, exactly what is being lost is unknown.  Other than the
intrinsic value of life, many species have economic or social potential as
medicinal or food resources, as wood or paper products or genetically to be
combined with weaker agricultural species.
Asia has a strong history of using plants with medicinal properties both in
the home and as part of manufactured medicines which are produced and
sold.  Currently 40% of all medications used in Russia are of plant origin.
These species are important both socially and economically throughout the
regions in which they are found and for the country as a whole.
TASK:  An initial step towards formation of policy regarding species
biodiversity is to identify and catalogue the distribution and abundance of
species.  With a focus on endangered plants (including vascular and non-
vascular), animals (including mammals, birds and reptiles) and plants with
medicinal value the purpose of this aspect of the study is to list the species
found in the Russian Siberian forest, establish some basic ecological
requirements and map current habitat ranges. These ranges should be
compared with protected areas and used as part of management strategies
for the future.
APPROACH:  Using information from a variety of sources, including
Russian text concerning rare and medicinal species, a list of 145
endangered plants, 120 medicinal plants and 43 endangered animals was
made.  Information concerning ecological requirements, degree of
endangerment, medicinal value and part of plant used pharmaceutically
was included and a spreadsheet compiling this information was formed.
Maps of current ranges for individual species were drawn using ARC/INFO
(geographical information systems) and have now been included in the
IIASA Study’s database.
RESULTS: Although statistical analysis concerning ranges and
concentration of species has not been conducted yet, it is obvious that a
large percentage of endangered species are found in the Far East, in
particular in the Primorski Kray and Sakhalin Oblast regions.  There are
also fairly large concentrations around lake Baikal, in the Buryat Republic,
and in the northern Magandan Oblast region.
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In general the medicinal plants have larger ranges.  They are often found
throughout the steppe, tundra or even in the entire forested area.  These
large ranges, however, may be deceiving as information concerning present
numbers available and harvest requirements is not known.  It is possible, if
proper management is not enforced, that many of these species may also
become endangered.
MOST IMPORTANT FINDINGS: There are currently not enough reserves,
given the land mass, to sustain or protect the growing numbers of rare and
endangered species.  There are relatively large areas of reserves around
lake Baikal and in the central northern regions but it is obvious that not
enough attention has been paid to Primorski Kray, where diversity is
extremely high, or the Far East as a whole.  Many species can survive in
non protected areas but for this to occur forestry and agriculture practices
must be monitored and management must be changed.
POLICY RECOMMENDATIONS: With an increasing interest by forest
companies for investments in Russian timber resources, current forest
management strategies need analysis.  This analysis should not only
include type and area of reserves but also areas used for timber harvest
and agriculture.  There should be a strong emphasis on sustainability both
in terms of resources and forest species.  Endangered species and non-wood
products, such as medicinal plants, need to be taken into account and
factors such as ecological requirements and buffer zones on the outskirts of
reserves should be considered.  In particular, areas of rare or endangered
species concentration, such as the Far East, should be given specific
attention.
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TITLE: The Influence of Forest Exploitation on
Species Biodiversity in the Russian Far East
BACKGROUND:  Deforestation is one of the primary causes of habitat loss
and the large decline in population number and distribution size of forest-
dwelling animal species.  The Russian Far East (RFE) is one of Russia’s
richest regions in both biodiversity and natural resources.  It is a junction
between the northern boreal and the southern subtropical ecosystems and,
as a result, contains a complex of flora and fauna which are representative
of both. A combination of not enough reserves, an increase in industrial
expansion, and a flux of money toward development of the timber industry
has put a strain on much of the biodiversity in the region.
TASK: To assess the effect of forest exploitation on species development,
analyses of the keystone species: the Amur tiger, the Amur leopard, the
Himalayan black bear, and four endangered bird species from the region
were carried out.  From this assessment a projection for the future could be
made and protection needs for species conservation could be identified.
APPROACH:  A detailed analysis of the keystone species has been carried
out by using historical trends in distribution and population size, current
status and future trends, main factors of disturbances, relationships to
forest practices, and existing and future protection measures. Reports of
different international, national and regional organizations, personal
communication with natural reserve staff and specialists in the area, and
personal knowledge has been used in the assessment.
RESULTS:  The major factor effecting the loss of biodiversity and, in
particular, of the keystone species in the RFE is the loss of habitat, due to
industrial development and timber harvest, although poaching does also
play a crucial role.  The current system for protection contains many
problems including degeneration of the centralized administration, lack of
coordination and control, lack of united management and planning
structure, lack of funding and public awareness and poor regional planning.
In terms of loss of habitats due to timber harvest, the Korean pine/cedar
forests have been extracted rapidly and have changed in many areas from
primary to secondary conifer-broadleaf forest.  The primary methods of
harvest have been high-grading and conventional clear-cutting, both of
which disturb the natural environment and result in a loss of species
diversity.
While there are many threatened species in the RFE, the Amur Tiger
(current population of 200-250 individuals) and the Amur leopard (current
population of 25-30 individuals) are under particular threat.  A national
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strategy and conservation action plan has been developed for the Amur
Tiger and should be implemented.  The Amur leopard however, is in a
critical situation and special efforts, including possible creation of farms
where the leopards could breed in semi-wild conditions and genetic research
on the viability of the population, have to be made.
Habitat destruction and fragmentation is the primary long-term threat to
the survival of forest dependent species.
MOST IMPORTANT FINDINGS:  The existing system of protected areas in
the RFE cannot support the maintenance of a sustainable biological
diversity.  By December 1994, Russia had 88 Zapovedniks (strictly protected
scientific reserves),  28 national parks, and more than one thousand
regional Zakazniks (special purpose reserves) and nature monuments.
However, these protected areas occupy only approximately 3% of the total
Russian territory which is extremely low compared with 8% in Europe and
11% in North and Central America and the protected areas in Russia do not
have an efficient distribution.
POLICY RECOMMENDATIONS:
• The number and areas of Zapovedniks should be increased and combined
with provisional reserves.  The optional distribution of these areas must
be investigated further.  The existing management rules for these areas
should be assessed and changed.
• A set of national parks should be established in the RFE to increase the
protected areas network.
 
• The strategy of industrial development in the forest sector should be
changed in accordance with the needs of a sustainable biodiversity status
of the region.
 
• Strong legislative and fiscal measures should be undertaken against all
illegal cutting, man-made fires, and poaching.
• Areas of leopard and tiger habitats should be designated as the highest
category of protection.
• Special attention should be given to areas of unique biodiversity,
including Bikin, Samarga, Bol’shaya Ussurka and Khor river watersheds.
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• A three sided agreement on the principles of forest exploitation should be
elaborated and signed between major forestry investment groups,
international biodiversity conservation projects and the Far Eastern
government.
 
• The Amur Tiger Conservation plan should be approved by the Russian
government and it’s implementation should be supported by local
authorities.
 
• A Leopard Conservation plan should be developed by coordinative efforts
of international ecologists and governmental authorities.
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TITLE: Non-Wood Products from the Russian
Forests
BACKGROUND: The Russian forests supply many products and functions
other than wood.  These non-wood products have played an important role
in Russian households over time and could continue to play a crucial role if
the Russian forests are managed in a sustainable manner.
TASK: To attempt to quantify what kind, to what extent, and under what
ecological conditions important non-wood products are produced in the
Russian forests.
APPROACH: Our approach has been to use all available information on
non-wood products in Russia to map the volume produced and the
conditions of production for these products.  Special databases on these
issues have been established.
RESULTS: In the following, we present the production of different non-
wood products in Russia.
Wild Fruits and Berries
The average biological annual yield is estimated at 5.1 million tons.  But the
resources accessible for consumption are estimated to be 580,000 tons
annually.  The largest commercial and accessible resources in Russia are in
East Siberia − (27%) and in the Far East − (18%).  The average annually
traded harvest is around 55,000 tons − (some 10% of the accessible
resources) and the harvest for household consumption is some 123,000 tons
(some 20% of the accessible resources).  This means that the total harvest of
the accessible resources corresponds to about 30%.
Mushrooms
The total commercial or accessible yield is estimated to be around 507,000
tons (fresh weight) for all of Russia.  The total biological yield is estimated
to be 6.6 million tons.  West Siberia has 15% of all accessible reserves.  The
corresponding figures for East Siberia and Far East are 33% and 16%
respectively.  The actual total harvest is some 25% of the accessible
reserves.
Nuts
The commercial harvest of nuts was an average of  3,500 tons during the
1990s, with about 90% of the harvest taking place in Siberia.
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Hunting
The average number of animals harvested by game management units, in
Russia during the 1990s are: Ungulates 134,000 (with 47% in Siberia), fur-
bearing animals 2.7 million (with 61% in Siberia), Game birds 53,000 (with
39% in Siberia), and Water fowl 3.5 million (with 41% in Siberia).  Nearly
90% of the furs traded by commercial organizations stem from Siberia.
Resin Tapping
During the second half of the 1980s, the annual resin or gum tapping
corresponded to 110,000-115,000 tons.  The production has decreased
dramatically during the 1990s due to changed market conditions: 76,000
tons in 1992; 36,000 tons in 1993, and 13,000 tons in 1994.
Medicinal raw material
The potential to produce medicinal raw material is high in Russia; the
average annual biological yield is estimated at 3.3 million tons.  The
commercial trade carried out by the Russian Federal Forest Service is 2.3-
2.5 million tons annually (with nearly 60% taking place in Siberia).
Honey, hay and tree saps
Honey purchased by enterprises of the Federal Forest Service was 763 tons
on average for the period 1970-77, 440 tons in 1991, but only 197 tons in
1994.  Hay production has a similar development path with a production of
205,000 tons in 1991 and 120,000 tons in 1994.  The average harvest of tree
sap in Russia was about 11,000 tons during the 1980s.  This harvest has
currently nearly vanished.
MOST IMPORTANT FINDINGS: The potential for non-wood forest
products in Russia is huge.  An interesting result is that a large portion of
the production of the various non-wood products has decreased during the
economic transition in the 1990s.  During difficult economic conditions, the
opposite development would be expected.  Thus, the decline in production is
a result of the transition to a market economy, meaning that a substitution
of products has come into the market.
The situation for the indigenous people, living from non-wood products, is
critical in many places.  The current situation is due to the fact that the
society is changing, ecological degeneration, loss of pastures, loss of land due
to exploitation, and competition by amateur and professional hunters for
game.
POLICY RECOMMENDATIONS:  In order to guarantee a sustainable
production of non-wood products, the forest management manuals have to
be adjusted in this respect.  It is equally important however to make
analyses on the future possible demands of non-wood products in order to
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formulate relevant forest management policies and secure these resources
for the future.
In order to secure the livelihood for the groups of indigenous people concrete
plans have to be developed on how traditional activities can be sustained.
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TITLE: Some Aspects of Hydrology of Siberian
Forests
Background:  In an ecosystem study it is important to generate an
understanding of the role of water and the hydrological cycle.  In the case of
IIASA’s Forest Study it is important in terms of global change and, more
specifically, to understand the function of the terrestrial boreal ecosystems
with which the study is concerned.  There are many different models
available simulating the hydrological cycle or it’s elements; however,
quantitative estimates at an ecosystem level for the Siberian forests have
only been produced partially.  It has been established that moisture has a
large influence on the distribution and type of forest succession; however,
the forest’s influence on moisture is also significant.  The problem consists of
finding the balance between the two and thus better understanding the
entire hydrological cycle.
Task:  The primary target of this work is to quantify the importance of
forest ecosystems for the hydrological balance.  Many processes which take
place in the hydrological cycle are controlled by land-surface-atmosphere
exchanges, in particular the exchange of carbon and nutrients.  As a result,
special attention has been paid to water turnover in relation to the carbon
cycle.
Approach:  To study the hydrological relationships mathematical models of
water balance for the entire Siberian landscape were employed.  In order to
describe the hydrological process, including a summary of total
evapotranspiration and water runoff, a simple model was developed.  This
development was followed by a more complicated model based on the
quantitative and qualitative indexes including climatic data, soil
characteristics and disturbances.
The common evapotranspiration index was used for calculation of
evaporation, transpiration and interception.  The seasonal dynamic was
taken into account using  the Thornthwaite’s equation, which accounts for
mean monthly temperatures and heat index.  Actual evapotranspiration
was calculated by using the Frankfurt Biosphere Model, in which the soil
water dependent term was represented by the soil water content derived as
a hyperbolic tangent.  For the runoff estimations, the general Annual-Turc
model was used, taking into account the zonal and spatial distribution of
the ecoregions of Siberia.
Results:  By using aridity and humidity indexes, water balance zones were
established for aggregated ecoregions.   There are six main types of water
balance zones in Siberia which are distinguished by hydroclimatic
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differences (aridity index) as well as by variation in topography and soil
permeability.  The water balance zones are:
1. Heavily moistened plain polar-tundra regions of tundra, northern taiga
and sparse taiga. They include West-Siberian, East-Siberian,
Chukotskaja, Anadirskaja, West-Kamchatskaja provinces (humidity
index by Ivanov-Visotsky is more than 1,33; aridity index between 2 and
3).
 
2. Heavily moistened mountain regions of Sakhalin island, Kamchatka
peninsula, Pacific East Coast (humidity index by Ivanov-Visotsky is more
than 1,33; aridity index between 2 and 3).
 
3. Medium moistened lower mountain regions of Central West Siberian
Lowland, the Ural mountains, and the  lower mountains in the south of
Siberia and the Far East. They include West-Siberian, Middle-
Kamchatskaja, Central Siberian, Lena-Viluyskaja, Zeysko-
Nizneamurskaja, Bureinskaja, Amuro-Ussuriyskaja provinces (humidity
index by Ivanov-Visotsky between 1... 1,33; aridity index between 1,5 and
2).
 
4. Mountain-plain complexes of South-Western Siberia (Putorano-
Anadirskaja, Verchovjansko-Cherskaja, Zabaykalsko-Altauskaja, East-
Sachalinskaja, Yuzno-Zabaykalskaja,Yuzno-Uralskaja provinces and
heavily moistened plains of the Forest-Steppe zone in Central and East
Siberia (humidity index by Ivanov-Visotsky between 0,7...1; aridity index
between 1 and 1,5).
 
5. Moderately moistened plains in the lowlands of Forest-Steppe and Steppe
zones of Siberia which include Zauralskaja, Predaltayskaja, East-
Siberian (insular) provinces (humidity index by Ivanov-Visotsky between
0,45...0,7; aridity index around 1).
 
6. Arid plains in major parts of the Steppe zone and the Southern regions
(humidity index by Ivanov-Visotsky less than 0,45; aridity index less than
1).
The partitioning of precipitation between storage, evaporation, infiltration,
groundwater recharge and runoff varies widely between catchments,
depending upon climatic and catchment characteristics.  Vegetation cover
has a large effect on water and energy balances, particularly through
interception and evaporation.  The three major types of hydrological regimes
found in Siberia are: snow-dominated, humid, and semi-arid/arid.
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In the first regime a significant proportion of the precipitation falls as snow
and is stored on the surface until it melts in the spring.  The southern
boundary between the snow-dominated and humid hydrological regimes
runs from west to east passing through Payer, Solechard, Novy Urengoy,
Samburg, Dudinka, Volochanka, Cheta, Amankinsky, Kusur, Ust-
Deputatsky, Chersky, Markovo and Anadir.  The humid regime occupies
most of the rest of the huge territory where rainfall infiltrates into the soil
and reaches the stream network by a variety of routes and over different
time scales.  The humidity index, by Ivanov-Visotsky, is near or greater
than one.  In the semi arid/arid regime, rainfall is short-lived and generally
very intense.  High intensity combined with thin soil results in that the
majority of the water runs directly off the surface and infiltrates into deeper
soils  at the bottom of slopes or along river banks.  This regime occupies
areas below Dopeysk (ecoregion 11522), a small region below Barnaul and
Biysk up to the Altay mountains (ecoregion 11013), and below Kiyzil around
Erzin (ecoregion 11931).
The hydrological balance of forest ecosystems has an important role in the
natural carbon cycle.  Vegetation and soil carbon storage have been
calculated by using models including annual actual evapotranspiration, site
disturbances, annual soil moisture deficit, stand age and net primary
productivity.  The annual rate of accumulation of vegetation and total
(vegetation and soil) carbon storage changes in the zones in a decreasing
order: Taiga Mountain ➟ Taiga Mixed ➟ Forest Steppe ➟ Taiga Middle ➟
Taiga Southern ➟  Taiga Northern ➟ Taiga Sparse ➟ Tundra.
MOST IMPORTANT FINDINGS:  The hydrological calculations constitute
a platform for further analysis in determining sustainable forest
management regimes for different zones or ecoregions in Siberia.
POLICY RECOMMENDATIONS: The percentage of forest cover is
generally 80-90% of the land area in Siberia.  This allows a high water
retention, particularly in northern rivers.  In the opinion of Rakhmanov
(1984), the forest cover could be further reduced without influencing the
climate or water resources.  However, the harvest methods employed
influence the hydrological balance and must be taken into consideration.
Industrial and clear cutting should be avoided in the highlands and in hilly
areas.  Cutting areas and clearing roads should be aligned across slopes
which will prevent the appearance of streams.  Cutting on slopes should be
avoided in the summer during heavy rains.  Special care should be given to
transportation of wood and measures towards saving the litter and the
understory should be taken.
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TITLE: Anthropogenic Stress Factors to Forests in
Siberia
BACKGROUND:  Many articles in the popular press and Western scientific
literature stress the severe environmental conditions in Russia and Siberia.
The general pollution is described in many cases to be close to a disaster.
There are limitations in the availability of consistent data for the
anthropogenic stress factors on the Siberian forests, both from a registration
point of view (extent of data) and from a methodological point of view.
TASK: The objective of the current research activity has been to attempt,
based on existing data and studies in Russia, to estimate the extent of
anthropogenic stress factors on the Siberian forests.  In order to fulfill this
task, the following activities have been carried out: estimations of emissions
and depositions of the major pollutants, estimations of the radionuclide
contamination, and analyses of the current forest decline in Siberia.
APPROACH: The basic information used for this work were scientific
reports, and reports by different State Committees.  The information
collected has been recalculated in order to try to achieve as consistent a
picture as possible.
RESULTS: From the results, the following can be highlighted.
• Russian analyses of the so-called self-cleaning ability of air and river
dissipation show that the dominant part of Siberia is characterized by a
low capability for self-cleaning.
 
• The Siberian territory, especially the Eastern part, is considered to
possess a rather high activity of accumulation of pollutants due to the low
buffering potential.
 
• The main sources of emissions of pollutants are industrial centers located
in southern Siberia and the Norilsk industrial combine.  In addition, long
distance transported pollutants are coming in from European Russia.
 
• There is no reliable data on the total sulfur depositions in Siberia (only on
the sulfate depositions).  The largest sulfate depositions take place in
southern West Siberia, the Irkutsk region, and in the Norilsk area, where
concentrations reach 1,000-3,000 kg km-2yr-1.  The distribution of nitrogen
depositions has a similar pattern with the highest loads in southern West
Siberia and in the Norilsk zone (500-1,000 kg km-2yr-1).
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• The highest depositions of heavy metals are in Norilsk, the Irkutsk
region, and the southern part of the Far East.  In the vicinities of the
emitters there are high depositions of both dry and wet heavy metals.
 
• Russia is in the process of developing single critical loads for sulfur and
nitrogen based on the concept developed within the framework of the
Convention on Long-range Transboundary Air Pollution Program. Russia
has however so far only been able to produce strongly simplified
calculations of this framework.  Separate calculations are presented for
European Russia and Siberia.
 
• Winter space images detecting chronic contamination by pollutants, and
a potential risk for forest decline, show that most affected areas are in the
southern part of Siberia, but there are high-risk spots spread out over the
entire region. It can also be seen that Siberia is substantially less
contaminated than the European part of Russia.
 
• The Russian approach of calculating the pollution impact by so-called
noospheric concentration coefficients support the above conclusion that
the anthropogenic pressures are concentrated in Southern Siberia.
 
• Based on the current critical load calculations it can be seen that critical
loads for sulfur are seriously exceeded in the Ural and Altai Mountains,
in the boundary regions with Kazakhstan, the Norilsk region, southern
Far East, Sakhalin, and the southern Kurilean islands.
 
• The exceedance of critical loads for nitrogen are most serious in the
Urals, in the boundaries to Kazakhstan, Norilsk, and in the Far East.
 
• Based on Russian estimates of the critical loads for heavy metals and
forests, it can be concluded that even the highest depositions of heavy
metals (30-41 kg km-2yr-1) are below the critical loads.  However, in the
vicinities of the emitters the critical loads are substantially exceeded.
 
• Field investigations (mainly in the heavily contaminated Norilsk region)
show in spite of substantial nitrogen depositions since 1944,  there are no
signs of eutrophication and in spite of extremely high sulfur depositions,
there is no significant soil acidification.
 
• Official data on radio nuclide contamination in Siberia stems from
different sources and are of different reliability.
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• Based on the existing data for radioactivity, a tentative conclusion is that
soil contamination and contaminated forest ecosystems do not seem to be
a dramatic problem from an area point of view.  However, there are
concerns which have to be sorted out for the Irkutsk region and the
Yenisey river basin.
 
• Currently, based on existing data, the nuclear industry can not be
considered a significant source of nuclear contamination in Siberia.
Contaminated spots have been identified, but not any huge coherent
areas.  However, concerns remain for the Yenisey river basin and the
Irkutsk region, which requires further investigation.
 
• The storage of nuclear waste is a high potential risk for future large-scale
radioactive contamination. This high risk condition requires further
investigation.
 
• There is no data available which supports the idea that forest ecosystems
in Siberia are currently under substantial risk of damage.
 
• Radionuclides are accumulated primarily in foliage and branches (80-90%
in the bark). Only 3-5% seem to be accumulated in wood. Accumulation in
soil takes place primarily in the top 5 cm layer and thus mainly affects
small roots.
 
• In 1993, the officially reported figures on severely damaged or dead
forests by air pollutants were 832,5000 ha for all of Russia, with the most
damaged areas in the Irkutsk region and the Norilsk area.  But from data
in other literature it can be concluded that the extent of serious damage
by air pollutants could be as high as 3-3.5 million ha only in Siberia.
 
• Based on current knowledge there are no overall large-scale dramatic
“acid rain” problems in Siberia.  However, serious regional problems do
exist.
 
• The major cause for the existing forest decline does not seem to be sulfur,
but SO2 and its derivatives.  These occur in gaseous or aerosol forms.
MOST IMPORTANT FINDINGS: Based on the existing information, (which
has concerns) from an area point of view, the contamination by traditional
pollutants, as well as by radionuclides, seems to be less than expected.
53
POLICY RECOMMENDATIONS:   
The following policy recommendations require immediate attention:
• A system which can measure the total sulfur depositions must be
established in Russia.
 
• Work to develop complete critical load calculations for all the major
pollutants in Siberia has to be strongly intensified.
 
• A reliable system for measuring radioactive contamination in Siberia has
to be established.
 
• A risk evaluation of current nuclear waste storage (risk for leakages) and
a possible migration of radionuclides from these storages has to be
carried out in the very near future.
 
• There is no reliable monitoring-system for vitality estimates of the
Siberian forests.  It is possible that the official figures of severe forest
decline caused by air pollutants has been underestimated by 3-4 times.
Thus, a reliable monitoring system of the forest health in Siberia has to
be established immediately.
 
Reliable estimates on the health status will influence the policysetting on
forest management, annual allowable cuts, policies concerning
greenhouse gases, and environmental policies with respect to pollution
abatement.
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TITLE: Transportation Infrastructure
BACKGROUND: The transportation network influences a region’s ability to
access forest resources and to realize potential industrial and socio-economic
development.  However, it may also negatively influence the ecological
functions of the Siberian and Russian forest ecosystems.
For example, the forest fund area of Siberia has approximately 340,000 km
of railways and roads serving an area of 973 million hectares.  Although
roads constitute 95% of the rail and road network, only about 15% of the
roads have hard surfaces.  Many of the routes are exclusively winter roads
and are rarely traveled during the summer.
The Far East and Siberia have a very low road density (0.04 km per km2);
West Siberia has a density of 0.08 km per km2.  Siberian roads are in
generally poor condition because of neglect.  During the last 50 years, more
than 200,000 km of roads have been constructed in Siberia; however, only
15% are estimated to be usable today.  Waterways are another component of
Russia’s transportation network.  In the late 1980s, 45% of all harvested
wood in Siberia was moved via some means of water transportation.
Weak infrastructure is a bottleneck for the further development of Siberia
and Russia.  A major concern for the forest sector is the poor transportation
system.  If a product can not reach its market, no transactions will occur.
TASK: To analyze the current transportation infrastructure as it pertains
to the forest sector and determine how it can be improved.
APPROACH: Analyses of the transportation network as it pertains to the
forest sector is primarily performed with the use of the GIS system
developed by the IIASA Study.  The GIS supports the analyses of the
infrastructure considering the distribution of forest resources, non-wood
functions of the forests, the market and industry, as well as socio-economic
aspects and conditions in Siberia and Russia.  The major activities are to
digitize the transportation networks and to identify bottlenecks within
them.
Results: The IIASA Study has been able to digitize the road and railroad
networks.  This is illustrated in the attached maps for the Lake Baikal
region.  The digitized information is used as input for different quantitative
analyses within the framework of the study.
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TITLE: Trade and Marketing
BACKGROUND: As late as 1990, a significant share of the production of the
Russian forest sector has depended on export markets, amounting to 14
percent of commercial roundwood output, 21 percent of lumber output, 18
percent of panel output, 13 percent of pulp output, and 21 percent of paper
and paperboard output. Taking into consideration manufactured forest
products, one-quarter of commercial roundwood production in Russia
depended on export markets for their activity prior to the demise of the
former Soviet Union. Of the 2 million forest industry workers in 1990, one-
quarter owed their livelihood to markets external to Russia. By 1993, export
markets had collapsed in the Near Abroad and the Baltics, thus depriving
Russian producers of more than one-half of their traditional external
markets. Further compounding the drops brought on by a collapsing
domestic and Near Abroad market was the sharp fall of markets in
COMECON countries of Eastern Europe. Despite the decline in the
traditional markets, net exports still consumed nearly one-quarter of the
fiber supply (10 percent commercial roundwood, 16 percent lumber, 17
percent panels, 21 percent pulp, and 21 percent paper and paperboard). By
1994, while Near Abroad markets continued their decline, Far Abroad
markets remained firm, despite a further deterioration in the domestic
market. Indeed, net exports in 1994 accounted for more than one-third of
the fiber supply in the forest sector which was a similar volume to that in
1993. Some 30 percent of workers in the forest industry, and forestry
sectors, depended on markets external to Russia. Future market
opportunities are bound to return in the Near Abroad while market
opportunities in the Pacific Rim and Europe will undoubtedly rise in
response to tightening supplies of wood raw material world wide.
TASK: Potential markets for forest products need to be assessed along the
periphery of Asian Russia, including European Russia, the Near Abroad,
China, and other Pacific Rim countries. Factors which have limited
penetration in Pacific Rim markets need to be identified and considerations
affecting the long-term ability of producers in Asian Russia to seize market
opportunities should be illuminated.
APPROACH: Country reports provide an indication of the opportunities for
Russian producers in Japan and South Korea. However, a country report for
China highlighted the size and difficulty in accessing this large and latent
market. Long-term outlook for forest product markets in the Near Abroad
and Western Russia was completed using a forest sector assessment model.
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RESULTS: In the near to medium term, markets for sawlog material in
Japan are expected to amount to between 4 and more than 7 million m3. In
addition, a thirst for raw material to supply pulp and paper mills will lead
to demand for lower quality wood material. There is a poorly developed
market for lumber which is linked to factors similar to those existing for
roundwood.
A number of problems are linked to increasing penetration of the Japanese
market by Russian suppliers, including quality of delivered wood, unstable
supply and price, and resistance of the Japanese consumer to change. To
address these problems, grading and inspection of roundwood should be
completed in Russia while a marketing office should be established in
Japan.
In South Korea price is a more determining factor, however, the different
grading standards between South Korea and Russia were also identified as
causing concern. The Russian enterprises need to be more attentive to
service, paying attention to consistent quality, meeting commitments, and
developing a conflict resolutions process. Addressing these issues could lead
to Russia capturing 30 to 50 percent of the short-term softwood log imports
(2.4 to 4 million m3), versus less than 1 million m3  if these issues are not
dealt with.
China, a looming market, has not been a major factor for the Russian forest
enterprises in recent years. Falling from more than 2 million m3  of imported
roundwood in the late 1980s, the early 1990s witnessed less than 500
thousand m3 in trade. Reasons identified included poor quality, lack of
dependability, contract disputes, and difficulties linked to financing and
credit. However, by 2025 China could face a wood deficit of some 200 million
cubic meters, providing a latent market for Russian producers in East
Siberia and the Far East. These markets however cannot be taken for
granted. Not only do the Chinese buyers prefer North American timber
because of the higher quality, better reliability, financing and a dispute
resolution process, but meeting the market demand will involve substantial
investments in infrastructure and production capacity on the part of
Russian producers.
Current markets in the Near Abroads have collapsed with the Baltic region,
now a net exporter, and the Southwest region, approaching a balance
between exports and imports. It will not be until the first two decades of the
next century that rebounding economies will lead to the need for substantial
import of forest products. Small markets currently exist in Central Asia and
Kazakhstan, which lend themselves as obvious market opportunities for
firms in East and West Siberia. By the year 2025, markets for forest
products could be as high as 39 million m3 of fiber annually. Furthermore,
depending on economic growth assumptions, Western Russia (European
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part and West Siberia), while currently a net exporter will become
increasingly dependent on forest products beginning as early as in the
second decade of the next century. However, the ability of enterprises in
Eastern Russia to take advantage of these opportunities depends on
attracting capital and developing the potential of the resource.
MOST IMPORTANT FINDINGS: In the case of Japan and South Korea,
the major limiting factors for market penetration are items linked to service
and quality of the delivered product, both of which can be successfully
addressed by the Russian forest sector. In addition, market development in
Japan was identified as being extremely useful in order to overcome
traditional resistance on the part of Japanese consumers for Russian wood.
Financing did not appear to be a major problem, with respect to South
Korea and Japan, as it did with China. Quality problems, absence of a
dispute resolution process and absence of trade financing appeared to be the
most serious factors affecting the willingness of China to import Russian
wood.
Long-term development of the market potential in Pacific Rim countries
requires a concerted effort to attract capital and develop the forest resource.
Not only does the potential resource need to be developed in the eastern
parts of the country, but the transportation infrastructure supporting large
scale movement of forest products to China, and to other Pacific Rim
countries, should be assessed to identify bottlenecks which could effectively
deprive enterprises of participating in these opportunities.
POLICY RECOMMENDATIONS: The Russian forest sector should create,
in Japan, South Korea, and other suitable Pacific Rim countries, trade
promotion offices which are focused completely on the forest sector. The
needs of the customer in each of these countries should be clearly
understood in order to identify the major factors affecting a buying decision.
A mechanism to resolve trade disputes should be developed.  It should focus
on the long term relations and the benefits to both buyer and seller in
continuing and strengthening the relationship. Particular attention should
be paid to encourage manufacturing activities in the Eastern part of Russia,
in order to increase the share of value added products which are exported,
instead of primarily roundwood. Since capital is a major factor affecting the
future of the forest sector, the ability of the domestic financial sector to
successfully process large sums of money needs to be addressed. This
includes developing expertise in trade financing including for example
insurance. Since capital is essential to developing the forest sector, the
investment environment needs to be cultivated so that investors do not
demand large risk premiums for investing in Russia, let alone the forest
sector.
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While the long-term future of the forest sector in eastern Russia lies in
developing the potential fiber supply, that in European Russia lies in
improving the management of the forest resource. Although it is difficult to
predict, productivity of the European forest resource could be increased by
at least 10 percent.  A closer examination of the assumptions underlying the
calculation of the AAC could lead to sharply higher permissible harvests.
Furthermore, an increasing concern on the part of consumers in European
countries over the stewardship of the forest resource from which the raw
material is drawn must be met by a marketing effort to demonstrate that
Russian forests are indeed being managed in a responsible way. Failure to
do so could lead to sharply lower export opportunities as consumers factor
the perceived absence of stewardship into their buying decision.
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TITLE: Industrial Structure
BACKGROUND: By 1994, the Russian forest sector output had fallen
sharply to levels only 45 percent of those existing in 1990, even though
forest industrial employment had declined by nearly 15 percent. The
economy was less affected, falling by nearly 40 percent during the same
time frame, while total employment declined by only 9 percent. The fall in
output has been more sharply felt in the Asian part of the country,
particularly West Siberia and the Far East, which has absorbed a higher
proportional share of the decline in all forest product outputs.
Although the Russian forest sector has been a major exporter of forest
products, it has relied on roundwood and lumber as the principal export
products.  Together they account for three-quarters of exported fiber volume.
Furthermore, the pulp and paper component of the forest sector has been
relatively undeveloped in terms of domestic consumption of paper products.
Even up to the demise of the USSR it lagged significantly behind those of
other developed countries. By 1994, under the new economic conditions, the
domestic consumption of forest products had fallen by some 60 percent in
the case of lumber and 70 percent in the case of paper and paperboard,
though only by one-half in the case of panel products. Roundwood and
lumber still account for an overwhelming, and similar, share of the exported
fiber volume.
TASK: The current structure of the forest sector including differences which
exist regionally needs to be revealed. Capital requirements linked to re-
equipping the forest sector need to be identified, including the degree to
which fiber can support the construction of higher manufacturing
enterprises. Looming fiber shortages need to be delineated.
APPROACH: Data describing the forest sector is used to develop an
appreciation of the current structure of the industry throughout the country
including changes which have taken place since the collapse of the former
USSR. A forest sector assessment model is then used to identify shifts in
production likely to take place over the next 5 decades.
RESULTS: The output of forest products at a national level has declined
broadly across the spectrum of forest products since 1990.  The decline has
been more sharply felt in the output of delivered commercial harvest (68
percent) than in reconstituted products such as panels (52 percent). Lumber
(62 percent) and paper and paperboard (60 percent) fell more steeply than
panels though less than commercial harvest.
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The decline has not been evenly distributed regionally, with an increasing
share of total output taking place in European Russia. By 1994, European
Russia accounted for 62 percent of the delivered harvest versus 58 percent
in 1990, 67 percent of the lumber production versus 59 percent in 1990, 92
percent of the paper and paperboard versus 86 percent in 1990. Production
in East Siberia remained decidedly constant, except for lumber which
decreased and for pulp which increased.
The consumption of paper products lagged that of other countries even up to
the demise of the former USSR, particularly that of the USA (45 kilograms
versus 300 kilograms for the U.S.A.). The consumption of lumber was less
noticeably smaller (0.429 m3 versus 0.51 m3 for the U.S.A.), while the
consumption of panel products was more than one-third that of the U.S.A.
(0.55 m3 versus 0.16 m3 for the U.S.A.). By 1994, per capita consumption
had plummeted from even these low levels. Lumber consumption amounted
to 0.165 m3 while panels fell to 0.026 m3 and paper and paperboard
consumption fell to 13.2 kilograms.
The forest resource in the European part of Russia consists of nearly equal
shares of deciduous and coniferous components. While the deciduous
resource dominates the fiber in West Siberia it is a minor component in
East Siberia and the Far East where it accounts for one-quarter and one-
sixth respectively of the fiber believed to be accessible with the current
technology and infrastructural development. One half of the coniferous
resource and three-fifths of the deciduous resource are located in European
Russia. While European Russia lacks significant “reserves of fiber”,
dependent on additions of technology and infrastructure, Asian Russia can
effectively double its harvest potential. Virtually all of the “reserve fiber” is
in coniferous stands.
Since 1990, the share of commercial wood fell from 85 percent to 77 percent
by 1994. Although output of paper and paperboard products fell, the
efficiency with which paper products could be manufactured increased, with
increases in the order of between 5 percent to 15 percent.
Privatization has continued in the forest sector. Wages have fallen relative
to levels similar to those in 1990. While located close to the average salary
for industry in 1990, by 1994 average monthly wages in the harvesting and
woodworking industries had fallen to 77 and 76 percent of the monthly
average. In 1990, wages were 100 and 96 percent of the average. It is only in
the pulp and paper industry where wages have kept pace with the
industrial average, where they represent 111 percent versus 104 percent in
1990. Not only has there been a change in the wages of the forest sector
relative to industry as a whole, but wages of office workers have risen faster
than those in the worker level. In 1990, the office worker was receiving 120
percent of the working wage while by 1994, the gap had widened to 165
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percent. Similar relations are evident within the three departments of the
forest sector.  Although forestry employees made 80 percent of the industrial
average in 1994, average monthly wages in the forest sector amounted to
only 83 dollars, the distribution was:  77 in field workers and 128 in office
workers.
There has been a sharp increase in the number of enterprises in the forests
sector, rising from, 4,011 in 1990 to 16, 767 by 1994.  While increases in the
harvesting sector have been modest, there has been a large change in the
wood working industry which witnessed an increase from 1,587 to 8,417
between 1990 and 1994. By 1994 small enterprises accounted for 86 percent
of all enterprises in the forest industrial sector while middle sized
enterprises accounted for 8 percent and larger enterprises for 6 percent.
Small enterprises however contributed only 14 percent of the sectoral
production while middle enterprises contributed 17 percent. Large
enterprises produced 70 percent of the output.
Prices in the forest sector have increased broadly across a range of products
since 1990, though, following the demise of the former USSR in 1991, it was
not until 1993 that the increase exceeded the industrial average.  From
1991 through 1994, prices in industry in general increased 3.4, 33.8, 10.0,
and 3.3 times based on December of the previous year. In 1991 increases
ranged from 2.7 for plywood to 6.8 for chemical pulp. In 1992, increases
varied from 7.5 for chemical pulp to 13.5 for plywood. In 1994, increases
varied from 2.8 for roundwood to 6.4 for chemical pulp. During the same
period, transportation costs increased more steeply, placing a large weight
on those enterprises located far from the market place.  This helps to
explain the sharp decline in production observed in the Asian part of Russia.
Furthermore, as late as 1993, the forest sector for at least roundwood
seemed to be pricing at marginal cost.
MOST IMPORTANT FINDINGS: Rapid increase in the price of
transportation has disadvantaged the enterprises located towards the center
and eastern parts of the country. Indeed, this shows up in the sharp decline
in output experienced in the Asian part of Russia. Decline has been less in
East Siberia, though this is in part due to the large manufacturing
complexes which are able to produce value added products capable of
sustaining the higher transportation tariffs.
Capital attraction is essential if the forest sector is to meet rising demand
and seize export opportunities brought on by a successful transition to a
market based economy. The scarcity of the forest resource that requires
infrastructural development in Western Russia (European Russia and West
Siberia) suggests that the forest sector in the more developed portions of
Russia may wish to concentrate on improving the forest resources to support
fiber flow.  This would postpone the reliance on forest products generated in
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the eastern reaches of the country which entail higher transportation costs
and environmental costs that are not clearly understood. The forest sector of
Eastern Russia (East Siberia and the Far East) will undoubtedly focus
increasingly on events taking place in the Pacific Rim particularly China.
However, the possibilities to bring the products to the markets and increase
the accessibility of the forest resources depend on the investment in capital.
POLICY RECOMMENDATIONS: A new transportation policy as a tool to
encourage industrial development of the forest sector in the Asian part of
the country has to be considered. Many communities are entirely, or nearly
entirely, dependent on one industry, in this case the forest industry.  Long
term stability may not be possible unless there is an active strategy to
attract investments.  In the short term, producing products which can
support higher tariffs may keep communities alive and provide some time to
implement policies to promote industrial development. Displaced workers
could be given meaningful employment through creation of a forest renewal
program.  Short term focus for the forest sector in Eastern Russia should be
on the export markets in the Pacific Rim. Provision of incentives for
entrepreneurs to initially develop roundwood exports should be established.
As cash flow is generated, incentives for adding manufacturing facilities
may come along. The major and initial target should be on those markets
which have the ability to pay. Opportunities in China should be further
investigated. Transportation bottlenecks need to be addressed so that
development opportunities 25 years hence are not lost due to the inability to
transport goods to the market.
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TITLE: Relocation of Russian Industry
BACKGROUND: Industrial production fell by about 50% in Russia during
the last decade. During the same time period prices increased by over
30,000%. This output loss has been associated with declines in real wages,
the emergence of unemployment and a deterioration of the standard of
living in Russia. There has also been significant stratification of output
changes across regions and industries. This study is about the effects
reforms have had on industry's regional dispersion in Russia.
TASK: To address three issues: Have there been significant changes in the
localization of industries and have the changes been associated with
concentration or diversification? Are there significant changes in the
relative productivity of industries in studied regions? Is there a connection
between productivity changes and changes in localization?
APPROACH: We developed three scenarios of, what one could realistically
expect to happen to localization, in socialist economies, once they enter
systemic transformation. The first is based upon the assumption that the
location of industrial production was inefficient, meaning that production
did not take place in those regions where returns would be highest, and that
industry was overly localized, or more concentrated in particular regions
than might be optimal. If relocation of industry was associated only with
undoing these “legacies of the past” we would expect deconcentration to be
one of the “stylized facts” of regional relocation.
The second scenario draws its inspiration from the fact that systemic
transformation changes the “optimal location” of industry. Changes in
localization in socialist countries, in contrast to western economies, are not
due to investments in a particular industry or region, but rather to
differences in output decline of particular industries across regions. Thus
transition itself through relative price changes, institutional reforms,
foreign trade liberalization and privatization changes the optimal location of
industry. If these forces were at the center of changes in location it may be
that no clear pattern of relocation would result.
The third scenario is based upon historical findings, dating back to the
writings of Alfred Marshall, that comparative advantages may be a side
product of concentration. The claim is that, industries concentrated in a
single region, may become a source of increasing returns to scale, since a)
the local labor pool acquires industry specific skills, b) industry specific
services may be provided in these regions and c) localization provides
informational advantages. In this scenario large producers profit most from
the reforms.
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We used data from 1987-1993 on regional production by industry to consider
which scenarios best fit the changes in the division of labor among Russian
regions.
RESULTS: Our findings suggest that there are a number of “stylized facts”
suggesting that a theory that rests exclusively on the assumption that
relocation is simply undoing legacies of the past misrepresents the actual
relocation process in Russian regions. In contrast our evidence supports the
view that Russian regions are quickly redefining their comparative
advantages. In particular we established four facts:
1. Changes in the geographical composition of industrial output lack a clear
sectorial pattern and include all types of industries (resource dependent,
heavy industry and consumer oriented). At the same time there is no
clearly visible pattern that industries more affected by the overall output
decline have experienced faster changes in geographical composition of
output.
 
2. Changes in the geographical composition of output are typically
associated with an increase in geographical concentration. Large
producers are thus increasing their share of output.
 
3. Relative productivity has changed more rapidly across regions than has
the regional composition of output.
 
4. Large producers (regions) have managed to increase their productivity
more than small ones.
The evidence that larger regions are increasing their efficiency while
smaller regions (in terms of industry output) are falling behind, suggests
that increased spatial concentration will be a feature of the years to come
and asks the question of what forces have been working towards increased
concentration.
POLICY RECOMMENDATIONS: Our findings suggest that locational
economies are an important aspect which influence regional industrial
development in Russia. This suggests that policy makers should pay
attention to the economies of location. In particular, if the transitionary
recession results in a complete erosion of the human and material capital
base of a regional economy, a negative effect on the long-term growth path
of this region can be expected. Thus policy measures that preserve the
capital base in transitionary recession are justifiable. The problem in
formulating such a policy, however, is that it may interfere with the aim of
allowing flexibility in the necessary restructuring of the regions.
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Two policy measures which allow for both increased flexibility of firms and
avoid excessive capital erosion are investments in infrastructure
development and policies designed to develop vertical and horizontal links
within the economy. Infrastructure development, first of all could reduce the
currently high transport costs - a factor which reduces competitiveness in
more resource bound Russian industries abroad - and could thus increase
competitiveness in industry across regions. Secondly, it could increase the
ease of internal communication flows within regions which in turn increases
locational economies.
Developing vertical and horizontal ties between local industries, by state
provided institutions, rather than state provided subsidies, will also
increase information flow and thus help to accentuate localized externalities
across industries. Furthermore, if such a policy is formulated with the
strategic goal of increasing exports, it may help to reduce potential conflicts
of interest between local producers competing in their home markets.
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TITLE: Restructuring of Social Assets in Russian
Enterprises
BACKGROUND: The firm has been a central institution in the Russian
society providing employment, producing goods and services, and also
offering a large variety of social assets to be used by employees and often by
the local population.  The transition to a market economy has
fundamentally changed the role of firms in this latter respect, forcing them
to substantially downsize social functions.
TASK: To study in a quantitative manner how the downsizing of social
functions has, and continues to, take place during the transition.
APPROACH: The analyses are based on data collected in late 1995.  In
total, 97 industrial companies throughout Russia were visited and social
assets held by each enterprise between 1989 and 1995 were investigated.
RESULTS:  The changes in the number of social establishments during the
period 1989-1995 were dramatic.
There seems to be regional differences in the changes and, to some extent,
more changes in Siberia.  The most dramatic decline of social
establishments has occurred in the very large firms.  It could be concluded
that firms are trying to shed all types of traditional social establishments,
but on the other hand, some firms have already started to provide new and
different social services.
The reasons given for the downsizing of social assets are the enterprises’
deteriorating financial conditions, reduced state subsidies, and high interest
rates on bank credits.
This changing situation with respect to social establishments is estimated to
continue.
POLICY RECOMMENDATIONS: Many of the social functions shed by
industrial companies are crucial for a functional society and competitive
regions.  Therefore, there is a strong need to develop concrete plans for the
society’s future responsibilities of these assets which are shed by the firms.
If this problem is not resolved, there is a high risk for future social unrest
and a decline in the regions’ competitive position.
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TITLE: Employment in the Forest Sector
BACKGROUND: The Russian forest sector is a significant employer which
directly accounted for more than 2 million employees in Russia in 1990.
While it is uncertain the number of employees which depended indirectly on
activities in the forest sector for their livelihood, up to an additional 6
million employees (12 million people including dependents), almost 10
percent of the workforce and total population of Russia, could be indirectly
supported by activities in the forest sector. Regionally, the forest sector can
be the major employer, making communities heavily dependent on it for
their existence. Behavior in the sector thus can have important impacts on
the regional economic, social, and political landscapes.
TASK: With such a large number of people dependent on the forest sector
for livelihood, up until the demise of the former USSR, the regional
distribution of employment and the importance of the forest sector as an
engine for the creation of jobs needs to be highlighted. Second, the amount
of unemployment and the potential increase in unemployment linked to a
long-term reconstruction in the forest sector may provide a reserve of
workers which could be used to improve the conditions of the forest as a
resource. Thus, some indication of the current and potentially numbers of
unemployed workers in the sector, as well as, the indirect employment
generated through activity in the forest sector needs to be developed.
APPROACH: Using publicly available sources, the distribution of general
employment on a regional basis is described. The number of employees
which are directly supported by the forest sector regionally is determined
based on the share of physical output taking place in each of the geographic
regions. Current unemployment levels in the forest sector are related to the
employment levels in 1990 being set to 100 percent. Potential
unemployment is determined assuming that productivity evident in 1989
could be sustained.
RESULTS: Total employment has been falling steadily since 1990, when 74
million people were employed within Russia. Industrial employment
accounted for 23 million, or slightly less than one-third of the total
employed. By 1993 total employment had declined by 5 percent while
industrial employment had declined by almost 10 percent. By 1994, total
employment had declined by 10 percent in comparison to 1990 levels, and in
industry by nearly 20 percent of those existing in 1990. European Russia
accounts for slightly more than three-quarters of total employment and
industrial employment with West Siberia, East Siberia, and the Far East
70
accounting for respectively 10 percent, 5 percent, and 5 percent. Forest
sector employment fell from 2.0 and 1.8 million people between 1990 and
1994.
Every industrial worker supports either between 1.9 and 3.2 other
employees, or between 1.2 and 2.0 employees, depending on the
assumptions made for inclusion within the category of direct employment.
The lower range assumes that direct employment includes industry,
agriculture, and forestry. The higher range assumes only industry is in the
direct category.
There has been a decrease in the number of indirect employees since 1990
as service oriented activities, hitherto part of the enterprise, have been
placed outside of enterprise control. Furthermore, using a group of 24 forest
industrial enterprises in Krasnoyarsk Kray as an example, production
employment as a share of total employment has risen between 1989 and
1993 from 0.68 to 0.76, even as total employment in these same enterprises
dropped by 20 percent.
Although employment in the forest sector has fallen, it has not fallen as
steeply as the physical output. As a result, productivity per employee has
plummeted to less than half between 1990 and 1994. Despite the declining
productivity per manday, unemployment in the forest sector has risen to at
least 14 percent, almost 30 percent if focusing solely on the harvesting
sector. Unemployment levels are lower in European Russia where they are
respectively 7 percent (forest sector) and 23 percent (harvesting sector).
Corresponding figures in West Siberia are 24 percent and 37 percent; East
Siberia - 22 percent and 32 percent; and in the Far East - 42 percent and 39
percent.
MOST IMPORTANT FINDINGS: Forest enterprises are shedding non-
production workers at a faster rate than production workers. Not all of these
people remain unemployed as activities hitherto performed by the industrial
enterprise are absorbed by other or new organizations. Indirect employment
supported by industry or a combination of industry, agriculture and forestry
has been rising steadily since 1990 as tasks performed hitherto by the
enterprises are being performed by independent organizations.
Unemployment in the forest sector is more pronounced in Asian Russia than
in European Russia. Unemployment in the harvesting component of the
forest sector is generally higher.
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POLICY RECOMMENDATIONS: Identify alternate forms of employment
which the current and potentially unemployed forest workers could perform.
Consider creating an “army” of unemployed which can perform useful
forestry work in regions most affected by adverse employment conditions.
Furthermore, with most of the unemployed located in Asian Russia,
particularly East Siberia and the Far East, finding useful tasks for these
people to perform would, in the short term, provide some stability since
alternatives may not be readily available. There are definite social costs
connected with large scale migration while alternative solutions are found.
In regards to forestry work, prepare a plan identifying types of work, the
manpower required, location and the types of remuneration necessary to
provide basic support for the unemployed and their dependents.  After
having identified the skills resident in the forestry unemployed, develop a
re-training program designed to prepare these people for re-entering society.
In those regions lying close to export markets, consider introducing
incentives to entrepreneurs willing to invest in infrastructure, re-equipping
of enterprises and operations for the export markets.
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TITLE: Welfare Indicators
BACKGROUND: In order to achieve a sustainable society, welfare must
reach a critical minimum level.  This level is also crucial to achieve any
sustainable regional development.  Welfare needs to be evenly distributed in
a country, as it plays a dominating role in avoiding social unrest and is
necessary for achieving competitiveness in a country or in regions of a
country.
TASK: To study the distribution of welfare in different regions of Siberia by
analyzing a large number of different indicators.
APPROACH: The welfare indicators have been identified and analyzed
through different statistical analyses of the detailed socio-economic
database of the IIASA Study covering the period from 1987-1993.
RESULTS: From our analyses, we are not in a position to demonstrate the
final results for the welfare indicators studied.  However, a few examples
can be given.
The welfare indicators studied can be aggregated into the following groups:
Economy, Employment, Material Standard, Housing Conditions, Health,
Education, Consumption, and Environment. In the following, we will
present the results for these indicators within the mentioned groups for the
year 1993.
Relative Production of Consumer Goods
Production of consumer goods seems to be concentrated in the European
part of Russia.  There are big regional differences, with less production in
the vast and less populated regions.
Relative Gross Agricultural Production
As expected, agricultural production is concentrated in the agricultural
regions of European Russia, with less production in the regions of Siberia
and the European North.  Such production patterns require an efficient
distribution system in order to secure an adequate food supply to all regions.
Relative Communication Infrastructure
Telecommunications is an important component for an efficient social
communication infrastructure.  There are great differences in the relative
accessibility to telephones between the regions.
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Housing Space per Inhabitant
There is more housing space in the European part and less in the vast rural
regions.
Relative Output of Specialists from Higher Educational Establishments
The educational level, measured by the output of specialists from higher
educational establishments, varies substantially between different regions
and is concentrated in the European part (Moscow and St. Petersburg
regions) of Russia.
Relative Expenditures on Goods and Services
The expenditures made for consumption of goods and services also vary by
region, but there is a tendency for higher spending in the regions rich with
natural resources.
The system developed by the Study on welfare indicators can be used as a
tool to check the efficiency of new policies to increase the regional welfare in
Siberia.
MOST IMPORTANT FINDINGS: The most important finding is perhaps
that there are substantial differences in welfare distribution between
different regions.  Differences which were not expected in a former centrally
planned economy.
POLICY RECOMMENDATIONS: Due to the fact that there are substantial
differences in welfare between the regions, regional administration and
politicians must do the following:
• further investigate reasons for these regional differences in welfare,
• establish policies which will improve welfare conditions, especially in
lagging regions, and
• investigate how the forest sector can contribute to increased welfare in
the future.
An acceptable level of welfare is a prerequisite for the sustainable
development of societies and regions.
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TITLE: Demographic Development
BACKGROUND: In order to achieve a sustainable regional and national
development, sound demographic development is required.  A number of
alarming reports have appeared during the transition in Russia concerning
changes in the population structure.
TASK: To quantify the demographic changes taken place in Russia at a
regional and national level from 1987-1995.
APPROACH: With the help of different statistical approaches, detailed data
on the Russian population from 1987-1995 (the socio-economic database of
the IIASA Study) have been analyzed.
RESULTS: Birth rates for the entire Russian Federation have decreased
every year during the period 1987-1993.  There is almost a 50% decrease
during this period, which is dramatic for the short time span considered.
Death rates for the entire Federation have increased yearly during the
studied period 1987-1993.  This increase has not been as rapid as the
decline of birth rates, but reached nearly 40%, which is dramatic
considering the time frame.  The pattern is the same for the entire
Federation, but the levels and speed vary for different oblasts.
The natural growth rate is defined as the difference between birth and
death rates.  The two negative trends identified above will strengthen each
other in this measure.  At the federal level, there was a positive natural
growth in 1987, which declined to a level of zero in 1991, and to a negative
level (-5%) in 1993 and continued to decrease in 1995.
Normally, life expectancy would move very slowly from year to year.  In this
case, there has been a dramatic decline in life expectancy during a very
short period of time (-5 years over a 4 year period).
Most remarkable is the trend break around 1991 from an increasing to a
decreasing total population.
In spite of a net immigration of 600,000 people to Russia the total
population decreased by 728,000 during 1991 and 1995.
MOST IMPORTANT FINDINGS: The most interesting finding is the
quantification of the dramatic changes that have taken place in Russia
during the transition.  These changes are of a level never registered before
anywhere in modern times.
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POLICY RECOMMENDATIONS: The negative population development
and those of a number of key demographic parameters have been dramatic
in Russia during the transition.  Therefore,
• investigations have to be started immediately in order to find the direct
causes of these negative developments,
 
• after identifying the driving forces of the negative developments efficient
countermeasures have to be taken,
 
• based on presented demographic developments, projections should be
carried out for future population changes at a regional scale with respect
to total population, and distribution of age classes and sexes,
 
• knowledge about future demographic conditions is crucial for designing
measures to stimulate sustainable regional development for the future.
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TITLE: Russian Forest Legislation
BACKGROUND: There is no one-to-one relation between the size of a
natural resource and its economic value.  The situation in a great number of
developing countries illustrates this fact.  Due to political, organizational
and technological factors, resources do not contribute to the well-being of
people.  Accordingly, forests are not resources per se.  Only within the
framework of institutional arrangements can a forest resource be regarded
as an economic asset.
One key component of an efficient institutional framework for the Russian
forest sector is forest legislation.  The capability of Russian forest legislation
to address all important societal issues connected with the forest resources
has been, and still is, seriously debated.  Much of the resource
mismanagement within the country has been blamed on Russian forest
legislation.
TASK: To attempt to illustrate how efficient legislation can address
important forest policies and societal issues in Russia.
APPROACH: In order to understand the current state of forest legislation
in Russia, its historical development must be examined. The development of
forest legislation since 1918 has been reviewed and, in order to identify
efficiency or bottlenecks, nine case studies have been carried out.
RESULTS: Based on the analyses, the following conclusions can be made:
• The current framework of forest legislation is still largely based on a
centrally planned institutional framework.
 
• The forest legislation is not modeled based on ecological, forest sector, or
economic problems in Russia; it is built as a centralized “control” device.
 
• The forest legislation does not cover all functions of the Russian forest
resources, and not even all Russian forests.
 
• The forest legislation, in the form of a matrix of legislative executive
bodies, is extremely complex and difficult to administer and implement.
 
• The forest legislation is, to a large extent, normative and descriptive, and
lacks efficient mechanisms of implementation.
 
• Due to the lack of mechanisms to implement legislation, there are many
loopholes through which corruption can take place.
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• There are clauses allowing participation by the people in the
implementation of the laws, but no mechanism exists for their doing so.
 
• Severe contradictions that influence the administration of the natural
and the forest resources exist within the overall Russian legislative
framework.  These include contradictions:
◊ between the constitution and the legislation,
◊ between introduced regulations and laws,
◊ between regulations on natural resources and forest resources for
indigenous people, and
◊ between presidential decrees and the legislation.
MOST IMPORTANT FINDINGS: The overall Russian legislative
framework is a mixture of  interests of old and new society, of totalitarian
and democratic systems, of centrally planned and market economies, and of
exploitation of natural and forest resources versus their sustainable
utilization.
POLICY RECOMMENDATIONS:
• The overall Russian legislative framework needs to be revised to allow
natural and forest resources to be treated consistently throughout the
entire legislative process.
 
• The forest legislation needs to be revised in order to reflect the current
ecological and economic problems in Russia, to cover all functions of the
forests and all Russian forests, to define an efficient mechanism for the
implementation of the legislation, and to find a mechanism for
participation of the people in implementing the legislation.
 
• Probably, a new institutional framework for the forest legislation has to
be established.
78
4. Publications List
In the following we present the publications list of the IIASA Study during
1993-1996.  These publications served as the basic foundation for production
of the summary sheets.
Ågren, G.I., Jonas, M., Kellomäki, S., Linker, S., McMurtrie, R., Nilsson, S.,
Petoukhov, V. and Sallnäs, O. (1993). An Integrated Assessment of
Climate Change Impacts on European Forests (ICCF). (January 1993).
A Research Plan, International Institute for Applied Systems Analysis,
Laxenburg, Austria. 19 pp.
Nilsson, S. (1993).  What are the Economic Costs of Damages on Natural
Resources?  In: INSEE:  Environnement-Économie.  INSEE Méthodes
No. 39-40, December, 1993. pp. 75-96. Institute National de la
Statistique et des Etudes Economiques, Paris, France.
Virtanen, Y. and Nilsson, S. (1993). Environmental Impacts of Waste Paper
Recycling. Earthscan Publications Ltd., London. pp. 166, ISBN 1-
85383-160-3.
Duinker, P.N., Nilsson, S., and Toth, F.L. (1993). Testing the "Policy
Exercise" in Studies of Europe's Forest Sector: Methodological
Reflections on a Bittersweet Experience.  WP-93-23, International
Institute for Applied Systems Analysis, Laxenburg, Austria.
Nakicenovic, N., Grübler, A. Inaba, A., Messner, S., Nilsson, S., Nishimura,
Y., Rogner, H.-H., Schäfer, A., Schrattenholzer, L., Strubegger, M.,
Swisher, J., Victor, D., and Wilson, D. (1993). Long-Term Strategies for
Mitigating Global Warming. RR-93-11, International Institute for
Applied Systems Analysis, Laxenburg, Austria.
Nilsson, S. (1993). Carbon Sequestering Potential by Global Afforestation
in:  Long-term strategies for mitigiating global warming:  towards new
earth.  Special Issue of Energy - The International Journal, Parthenon
Press, United Kingdom.  Vol. 18, no. 5, pp. 499-522, (1993).
Nilsson, S. (1993) Recycling Paper Products: Some Implications for
Environmental Policy. Environmental Conservation Journal 19(4), pp.
369-370.
79
Shvidenko, A. (1993). Estimates for Possible Implementation of Large-scale
Reforestation Programs in the Territories of the Former Soviet Union.
Statement Paper presented to the Enquete Commission, 15 March
1993, Bonn, Germany, 14 pp.
Nilsson, S. (1993). Recycling of Paper results in Price Pressure on Wood.
The Forest Owner, Vi Skogsägare, nr. 6/1993, pp. 34-35 (in Swedish)
Nilsson, S. (1993). Carbon Fixation in Siberia. Svensk Papperstidning
/Nordisk Cellulosa nr. 8/1993, pp. 46 (in Swedish).
Nilsson, S. (1993). Recycling: Ein wichtiges Instrument, aber kein
Allheilmittel. Internationaler Holzmarkt nr. 12/1993, pp. 26-27. (in
German).
Nilsson, S. (1993).  Die Grenzen des Recycling. Papier aus Österreich, nr.
11/1993, pp. 44. (in German).
Shvidenko, A. (1993). Informational Support for Forest Management and
Sustainable Development: Overview of the Situation in the Countries of
the Former Soviet Union. In: CSCE Seminar of Experts on Sustainable
Development of Boreal and Temperate Forests, September 27-October
1, 1993, Montreal, Canada. Technical Report - Annex I, pp. 121-131.
Fleischmann, K. and Nitschke, U. (1993). Estimation of Different GCM
Temperature Trends with the help of the Integrated Model to Assess the
Greenhouse Effect (IMAGE 1.0). Status Report SR-93-004, IIASA,
Laxenburg, Austria.
Ganopolski, A.V. (1994). Multilayer Isopycnal Ocean Model for Climate
Simulation. G.J. Boer (Ed.) Research Activities in Atmospheric and
Oceanic Modelling. WMO ICSU World Climate and WMO Weather
Prediction Research Programmes. WMO TD - No. 495, Report No. 19,
pp. 8.10-8.11.
Ganopolski, A.V. (1994). Multilayer Ocean General Circulation Model for
Long-term Simulation of Climate Change. Submitted to XIX General
Assembly, EGS Proceedings.
Ganopolski, A.V., Jonas, M., Krabec, J., Olendrzynski, K., Petoukhov, V.K.
and Venevsky, S. (1994). IIASA's Climate-Vegetation-Biogeochemical
Cycle Module as a Part of an Integrated Model for Climate Change.
Annales Geophysicae, Part II, Oceans, Atmosphere, Hydrology and
Nonlinear Geophysics. Supplement II to Vol. 12, p. 220.
80
Ganopolski, A.V., Jonas, M., Krabec, J., Olendrzynski, K., Petoukhov, V.K.
and Venevsky, S. (1994). IIASA's Climate-Vegetation-Biogeochemical
Cycle Module as a Part of an Integrated Model for Climate Change.
Submitted to A&WMA, International Specialty Conference
Proceedings, Phoenix, Arizona, USA.
Ganopolski, A.V. and Krabec, J. (1994). Internal Variability on a Decadal
Time Scale in a Coupled 2-D Climate Model. G.J. Boer (Ed.) Research
Activities in Atmospheric and Oceanic Modelling.  WMO ICSU World
Climate and WMO Weather Prediction Research Programmes. WMO
TD - No. 592, Report No. 19, pp. 9.20-9.21.
Ganopolski, A.V. and Krabec, J. (1994). Climate Simulations with an
Improved 2-D Zonal Climate Model. Working Paper WP-94-22, IIASA,
Laxenburg, Austria.
de Haan, B.J., Jonas, M., Klepper, O., Krabec, J., Krol, M.S., and
Olendrzynski, K. (1994). Dynamic Atmosphere-Ocean Model for
Integrated Assessment of Global Change. J. Alcamo (Ed.) IMAGE 2.0:
Integrated Modeling of Global Climate Change. Kluwer Academic
Publishers, Dordrecht, The Netherlands, pp. 283-318.
Jonas, M., Fleischmann, K., Nitschke, U., Olendrzynski, K., and Krabec, J.
(1993). Estimation of GCM Temperature Trends of Different Emission
Scenarios with the help of the Integrated Model to Assess the
Greenhouse Effect (IMAGE). G.J. Boer (Ed.) Research Activities in
Atmospheric and Oceanic Modelling. WMO ICSU World Climate and
WMO Weather Prediction Research Programmes. WMO TD - No. 533,
Report No. 18, pp. 9.38-9.39.
Jonas, M., Ganopolski, A.V., Krabec, J., Olendrzynski, K., and Petoukhov,
V.K. (1993). A Set of Climate Models for Integrated Modelling of
Climate Change Impacts. Part I:  Introduction and Overview −  A 2-
Dimensional Zonal Climate Model −  A Projected Application to
European Forests. Working Paper WP-93-58, IIASA, Laxenburg,
Austria.
Jonas, M., Fleischmann, K., Ganopolski, A.V., Krabec, J., Nitschke, U.,
Olendrzynski, K., Petoukhov, V.K. and Shaw, R.W. (1994). Applying
Regional and Global GCM Surface Air Temperature Changes in an
Integrated Model of Climate Change. G.J. Boer (Ed.) Research
Activities in Atmospheric and Oceanic Modelling. WMO ICSU World
Climate and WMO Weather Prediction Research Programmes. WMO
TD - No. 592, Report No. 19, pp. 7.69-7.70.
81
Jonas, M., Fleischmann, K., Ganopolski, A.V., Krabec, J., Nitschke, U.,
Olendrzynski, K., Petoukhov, V.K. and Shaw, R.W. (1994).  Grid Point
Surface Air Temperature Calculations with a Fast Turnaround:
Combining the Results of IMAGE and a GCM. (Accepted by Climatic
Change).
Jonas, M., Ganopolski, A.V., Krabec, J., Olendrzynski, K., and Petoukhov,
V.K. (1994). A Relationship between Regional and Global GCM Surface
Air Temperature Changes and its Application to an Integrated Model of
Climate Change.  Submitted to A&WMA, International Specialty
Conference Proceedings, Phoenix, Arizona, USA.
Jonas, M. and Schopper, J.R. (1994). The Radii Inversion Problem
Associated with the Hg Capillary Pressure Experiment. Transport in
Porous Media, 14, pp. 33-72.
Petoukhov, V.K. and Ganopolski, A.V. (1994). A Set of Climate Models for
Integrated Modelling of Climate Impacts. Part II: A 2.5-Dimensional
Dynamical-Statistical Climate Model. Working Paper WP-94-39, IIASA,
Laxenburg, Austria.
Venevsky, S.V. (1994). A Set of Biogeochemical Models for Integrated
Modelling of Climate Change Impacts: Biospheric Carbon and Nitrogen
Cycles. Working Paper WP-94-62, IIASA, Laxenburg, Austria.
Nilsson, S. (1994).  Air Pollution and European Forests In: J.Rose (Ed.) Acid
Rain. Current situation and remedies, Environmental Topics, Volume
4. Gordon and Breach Science Publishers. pp. 87-110.  ISBN 2-88124-
850-0
Nilsson, S. and Pitt, D. (1994).  Protecting the Atmosphere - The Climate
Change Convention and its Context. Earthscan Publications, London,
United Kingdom. ISBN 1-85383-161-1  pp. 209
Nilsson, S., Shvidenko, A., Bondarev A., Danilin I. (April 1994).  Siberian
Forestry. WP-94-008. International Institute for Applied Systems
Analysis, Laxenburg, Austria.
Shvidenko, A. and Nilsson, S. (November, 1994). What Do We Know About
The Siberian Forests?  Ambio Vol.23 No.7, pp. 396-404.
82
Shvidenko, A., S. Nilsson and V. Roshkov (1994). Status and Possibilities for
Increased Influences of the Terrestrial Biota on the Carbon Budget in
the Territories of the Former USSR.   In: Mathai, C. V., Stensland, G.,
Global Climatic Change. Science, Policy and Mitigation Strategies.
Published by Air and Waste Management Association, Pittsburgh,
U.S.A.  pp. 923-939.
Amann, M., Nilsson, S., Sallnäs, O. and Schöpp, W. (1994) Impacts on
Forestry and Economic Benefits by Sulfur Abatement in the Sostanj
Region of Slovenia. The World Bank, Washington, D.C. USA.
Nilsson, S. and Sallnäs, O. (1994). Forestry impacts and economic benefits by
abatements in Slovenia. In Amann, M., Nilsson, S., Sallnäs, O. and
Schöpp, W.: Impacts on Forestry and Economic Benefits by Sulfur
Abatement in the Sostanj Region of Slovenia. The World Bank,
Washington, D.C. USA.
Backman, C.A. (1994).  Prospects for Wood Raw Material Exports from
Russia to Pacific Rim and European Markets up until the Year 2000.
Paper presented at the Woodland Section of the Canadian Pulp and
Paper Manufacturers Association's Annual Meeting, April 5-8, 1994.
Edmonton, Alberta, Canada.
Scott, A. (May 1994). Oil Exploration and Ecological Problems in Siberia.
WP-94-023. International Institute for Applied Systems Analyses,
Laxenburg, Austria.
Nilsson, S.  (October, 1994). Market Trends in Europe for Wastepaper:
Environmental Impacts and Other Peculiarities of Increased Recycling.
Proceedings:  Resirkulering og energimessig utnyttelse av avfall.
Seminar, Holmenkollen Park, Hotel Rica, Oslo, Norway, Oktober 5,
1994.
Tak, K. (November 1994). Foreign Investment in the Foreign Sector in the
Russian Far East and Potential Market Integration with Northeast
Asia.  WP-94-092. International Institute for Applied Systems
Analyses, Laxenburg, Austria.
Backman, C. (1994). The Russian Model Forest Program. Volumes I-III.
Ministry of Natural Resources, Ottawa, Canada.
Tak, K. (December 1994). South Korea- Potential Market for Russian Logs.
WP-94-093. International Institute for Applied Systems Analyses,
Laxenburg, Austria.
83
Kakizawa, H. (December 1994) .Japan: Potential Market for Russian Wood.
WP-94-094. International Institute for Applied Systems Analyses,
Laxenburg, Austria.
Backman, C.A. (December 1994). The Russian Forest Resource. Physical
Accessibility by Economic Region. WP 94-126. International Institute
for Applied Systems Analyses, Laxenburg, Austria.
Berezovskaja, F.S., Karev, G.P., Shvidenko, A.Z., and Lanson, N.D.. (1994).
Informational Base of Ecological-Physiological Models of Vegetation
Associations. Forestry (Lesovedenie). N1, pp. 32-36 (in Russian).
Nilsson, S. (1995). Siberian Forest Study. Special Issue of "Options" (IIASA
quarterly magazine). Winter 1994-95.  International Institute for
Applied Systems Analyses, Laxenburg, Austria.
Obersteiner, M. (1995). Status and Structure of the Forest Industry in
Siberia. WP-95-30. International Institute for Applied Systems
Analyses, Laxenburg, Austria.
Rozanov, A. (1995). Methane Emission from Forest and Agricultural Land in
Russia. WP-95-31. International Institute for Applied Systems
Analyses, Laxenburg, Austria.
Backman, C.A. (1995).  The Russian Forest Sector:  A Bear for all Seasons.
Paper presented at the CPPA Woodlands Annual Meeting, March 26-
29, 1995, Montreal, Quebec, Canada.
Blauberg, K. (1995). Siberian Forest Sector GIS Database.  Symposium
Proceedings, Volume II, pp. 955-960. Published in the Proceedings of
the Ninth Annual Symposium on Geographic Information Systems in
Natural Resources Management held on March 27-30, 1995 in
Vancouver, British Columbia, Canada.
Karpachevsky, M. (1995).  Immediate Impact of Logging and Fires on Boreal
Forest Soils in Russia.  WP-95-037.  Laxenburg, Austria:  International
Institute for Applied Systems Analysis.
Ronnila, M.  (1995).  Medium-Term Scenarios for the Finnish Pulp and
Paper Industry.  WP-95-038.  Laxenburg, Austria:  International
Institute for Applied Systems Analysis.
Backman, C.A. (1995).  The Russian Forest Sector:  An Analysis by Four
Regions.  WP-95-044.  Laxenburg, Austria:  International Institute for
Applied Systems Analysis.
84
Sheingauz, A., Nilsson, S. and Shvidenko, A. (1995).  Russian Forest
Legislation.  WP-95-045.  Laxenburg, Austria:  International Institute
for Applied Systems Analysis.
Backman, C.A. (1995).  The Forest Resources of Russia by Economic Regions.
WP-95-053.  Laxenburg, Austria:  International Institute for Applied
Systems Analysis.
Backman, C.A., Perez-Garcia, J. (1995).  The Former USSR Forest Sector
and Capital Constraints.  CP-95-001.  Laxenburg, Austria:
International Institute for Applied Systems Analysis.
Vaganov, E.A., Isaev, A.S. and Nilsson, S. (1995).  International cooperation
in boreal forests study of Siberia. In: V.A. Koptyug and J. Klerkx (eds.)
Science Policy: New Mechanisms for Scientific Collaboration between
East and West. pp. 37-44. Kluwer Academic Publishers, the
Netherlands. ISBN 0-7923-3227-X.
Nilsson, S. (1995).  Recycling of paper in Western Europe and the future.
European Papermaker Magazine. June, 1995, No. 4, pp. 20-21.
Nilsson, S. (1995).  Waldverhähltnisse Sibiriens.  Allgemeine Forst
Zeitschrift fuer Waldwirtschaft und Umweltvorsorge July 3, 1995,
Vol.50:14. pp. 739-743. (in German).
Shvidenko, A., Nilsson, S., Roshkov, V. (1995). Possibilities for Increased
Carbon Sequestration through the Implementation of Rational Forest
Management in Russia.  IIASA WP-95-60. International Institute for
Applied Systems Analysis, Laxenburg, Austria. (Forthcoming in Water,
Air and Soil Pollution).
Backman, C.A. (1995). The Russian Forest Sector: Opportunities. Contract
Report done for Industry Canada. For copies please contact: Mr.
Francois Sailliant, Forest Industries, Industry Canada, 235 Queen
Street , Ottawa, Ontario, Canada K1A 0H5, . 30 pp.
Backman, C.A. (1994). The Russian Forest Resource - Physical Accessibility
by Economic Region.  (Report to The Canadian Ministry of Industry
and Science, May 8, 1994.  IIASA Agreement No. 93-142; Canada
Agreement No. 67FPD-3-0065/01-SU). For copies please contact: Mr.
Francois Sailliant, Forest Industries, Industry Canada, 235 Queen
Street , Ottawa, Ontario, Canada K1A 0H5
85
Backman, C.A. (1994).  Summary of Findings and Recommendations:  The
Russian Forest Resource - Physical Accessibility be Economic Region.
Contract Report done for Industry Canada. For copies please contact:
Mr. Francois Sailliant, Forest Industries, Industry Canada, 235 Queen
Street, Ottawa, Ontario, Canada K1A 0H5.
Backman, C.A. (1994). The Russian Forest Sector:  An Analysis by Four
Regions.  (Report to The Canadian Department of Industry, 1994.
IIASA Agreement No. 94-142; Canada Agreement No. 67HRE-4-
0708/01-SU) For copies please contact: Mr. Francois Sailliant, Forest
Industries, Industry Canada, 235 Queen Street , Ottawa, Ontario,
Canada K1A 0H5.
Backman, C.A. (1994). The Russian Forest Sector:  Opportunities and
Challenges for the Canadian Forest Sector.  (Report to The Canadian
Department of Industry, 1994.  IIASA Agreement No. 94-142, Canada
Agreement No. 67HRE-4-0708/01SU) For copies please contact: Mr.
Francois Sailliant, Forest Industries, Industry Canada, 235 Queen
Street , Ottawa, Ontario, Canada K1A 0H5.
Venevsky, S.V. (1995).  Response of Terrestrial Carbon Pools to Climate
Change for Meridional Sector of Asia. In: Snorek, M., Sujansky, and
Verbraeck, A. (Eds.) Modelling and Simulation 1995, Proceedings of
the 1995 European Simulation Multiconference held at the Technical
University of Prague, June 5-7, 1995. pp. 521-525.
Nilsson, S. and Schopfhauser, W. (1995).  The Carbon-Sequestration
Potential of a Global Afforestation Program.  Climatic Change.  Vol.
30:3., July 1995, pp. 267-293.
Nilsson, S. (1995).  Valuation of Global Afforestation Programs for Carbon
Mitigation:  An Editorial Essay.  Climatic Change.  Vol. 30:3., July
1995, pp. 249-257.
Lakida, P., Nilsson, S, Shvidenko, A.  (1995).  Forest Phytomass Estimations
for Some Countries of the Former European USSR. IIASA WP-95-79.
International Institute for Applied Systems Analysis, Laxenburg,
Austria.
Shvidenko, A., Nilsson, S. and Roshkov, V.  (1995).  Possibilities for
Increased Carbon Sequestration by Improved Protection of Russian
Forests.  IIASA WP-95-86. International Institute for Applied Systems
Analysis, Laxenburg, Austria. (Forthcoming in Water, Air and Soil
Pollution).
86
Shvidenko, A., Venevsky, S., Raile, G. and Nilsson, S.  (1995). A system for
evaluation of growth and mortality in Russian forests.  Special issue:
Water, Air and Soil Pollution 82: 333-348.
Shvidenko, A., Venevsky, S., Raile, G. and Nilsson, S. (1995). A system for
evaluation of growth and mortality in Russian forests.  In M.J. Apps,
D.T. Price and J. Wisniewski (Eds.) Boreal Forests and Global Change.
Kluwer Academic Publishers, The Netherlands. pp. 333-348.
Nilsson, S. (Ed.) (1995). Boreal Forests - The Role of Research. Key Note
Address at Interdivisional Session of 1995 IUFRO World Congress,
Tampere, Finland.\
Nilsson, S. (1995). Global Supply Outlook - Russia. In the 1995 TAPPI
Global Fiber Symposium Proceedings. Chicago, IL., Oct.5-6, 1995.
Tappi Press, Atlanta, Georgia. ISBN 0-89852-946-8.
Shvidenko, A., Nilsson, S., Roshkov, V. and Strakhov, V. (1996) Carbon
Budget of the Russian Boreal Forests: A systems analysis approach to
uncertainty.  In Apps, M. and Price, D. (Eds.).  Forest Ecosystems,
Forest Management and the Global Carbon Cycle. Springer-Verlag,
Heidelberg, Germany, NATO ASI Series, Vol. I 40, Chp. 12, pp. 145-
162.
Nilsson, S. (1996) Do We Have Enough Forests? IUFRO, Occasional Paper
No. 5, May 1996, ISSN 1024-414X.
Jepma, C.J., Nilsson, S., Amano, M., Bonduki, Y., Lönnstedt, L., Sathaye, J.
and Wilson, T. (1995). Carbon Sequestration and Sustainable Forest
Management: Common Aspects and Assessment Procedures.
Environmental and Resource Economics (forthcoming).
Shvidenko, A., Nilsson, S., Dixon, R. and Rojkov, V. (1995). Burning
Biomass in the Territories of the Former Soviet Eurasia:  Impact on
the Carbon Budget. Quarterly Journal of the Hungarian Meteorological
Service, Vol. 99, No. 3-4, July-December, 1995. pp. 235-255.
Poliakov, M. (1995). Ukrainian Forest Sector and Market for Timber
Products. WP-95-116. International Institute for Applied Systems
Analysis, Laxenburg, Austria.
Strakhov, V.V., Filippchuck, A.N. and Shvidenko, A.Z. (1995).  On a reform
of forest inventory systems in Russia. Forest Management (Lesnoje
khozjastro), No. 1, 11-14 (in Russian).
87
Shvidenko A., Apps M.J., Efremov D., Nilsson S., Roshkov V., Sedych V.,
Sheingauz A., Sokolov V., (1995). Classification and Assessment of
Disturbance Impacts on Terrestrial Biota in Northern Eurasia. In Gen
Inoue (Ed), Global Change: IGBP- Northern Eurasia Study Extended
Abstracts for IGBP International Conference, Tsukuba, 28 No - 1 Dec,
1995, p. 3
Shvidenko A., Apps M.J., Nilsson S., Roshkov V. (1995). Terrestrial Biota
and the C Budget of Northern Eurasia: a Review of Results and
Uncertainties. In G. Inoue (Ed), Global Change: IGBP- Northern
Eurasia Study Extended Abstracts for IGBP International Conference,
Tsukuba, 28 Nov—1 Dec, 1995, p.32
Backman, C.A. (1995). Structural changes in timber supply - A regional
perspective - RUSSIA, Proceedings of the Forest Product Society's
Annual Meeting in Portland, OR., June 25-29, 1995.
Backman, C.A. (1995). The Russian forest sector: Production, consumption,
and export prespects, Post Soviet Geography, Vol. XXXVI, No. 5, May,
1995, pp. 310-322.
Apps, M.J., Price, D. and Wisniewski, J. (Eds.) (1995). Boreal Forest and
Global Change. Kluwer Academic Publishers, Dordrecht, The
Netherlands, 548 pp.
Price D.T. and Apps M.J. Boreal forest responses to climate-change
scenarios along an ecoclimatic transect in central Canada. Climatic
Change, Accepted, Oct 1995, In press
Apps M.J. and Price D.T. (Eds). (1996). Forest Ecosystems, Forest
Management and the Global Carbon Cycle. NATO ASI Series I (Global
Environmental Change), Vol.40, Springer-Verlag Academic publishers,
Heidelberg, 452 pp. ISBN-3-540-60684-X.
Li C. and Apps M.J. Effects of Contagious disturbances on Forest Temporal
Dynamics. Ecological Modelling, Accepted August 1994.
Kurz W.A., Apps M.J. (1996). Retrospective assessment of carbon flows in
Canadian boreal forests. In: M.J. Apps and D.T. Price (Eds) "Forest
Ecosystems, Forest Management and the Global Carbon Cycle", NATO
ASI Series I (Global Environmental Change), Vol.40, Springer-Verlag
Academic publishers, Heidelberg, 173-182.
88
Price D.T., Mair R.M., Kurz W.A. and Apps M.J. (1996). Effects of forest
management, harvesting and wood processing on ecosystem carbon
dynamics: a boreal case study. In: M.J. Apps and D.T. Price (Eds)
"Forest Ecosystems, Forest Management and the Global Carbon Cycle",
NATO ASI Series I (Global Environmental Change), Vol.40, Springer-
Verlag Academic publishers, Heidelberg, 279-292.
Townsend A.R., Sykes M.T., Apps M.J., Fung I., Kellomäki S., Martikainen
P., Rastetter E.B., Stocks B.J., Volney W.J.A. and Zoltai S.C. (1996).
Natural and anthropogenically-induced variations in terrestrial carbon
balance . In: M.J. Apps and D.T. Price (Eds) "Forest Ecosystems, Forest
Management and the Global Carbon Cycle", NATO ASI Series I (Global
Environmental Change), Vol.40, Springer-Verlag Academic publishers,
Heidelberg,  97-108.
Apps M.J., Raven J.A., Brown S., Dewar R., Frankignoulle M., Goudriaan
J., Hall D.O., Holligan P., Lee H., Kerstiens G., Krankina O.N., Pala
A.I., Przybylski T., Zavjalova L. (1996). Carbon Fixation and
Allocation, In Beran M. (Ed): “Prospects for Carbon Sequestrastion in
the Biosphere.” NATO ASI Series,Springer-Verlag, Heidelberg, 183-
192.
Apps M.J. and Price D.T. (1996) Chapter 1: Introduction. In: M.J. Apps and
D.T. Price (Eds) "Forest Ecosystems, Forest Management and the Global
Carbon Cycle", NATO ASI Series I (Global Environmental Change),
Vol.40, Springer-Verlag Academic publishers, Heidelberg, 19-24.
Price D.T. and Apps M.J. (1996). Summary. In: M.J. Apps and D.T. Price
(Eds) "Forest Ecosystems, Forest Management and the Global Carbon
Cycle", NATO ASI Series I (Global Environmental Change), Vol.40,
Springer-Verlag Academic publishers, Heidelberg, 414-426.
Binkley C.S., Apps M.J., Dixon R.K. , Kauppi P., and Nilsson L-O. (1995).
Sequestering carbon in natural forests. Journal of Environmental and
Resource Economics, Forthcoming.
Sykes M.T., Price D.T., Prentice I.C., Apps M.J., (1995). Carbon Storage in
Boreal Forests. In Abstracts for First International Science Conference
on Global Analysis, Interpretation and Modelling,  IGBP GAIM,
September 1995, Garmisch- Partenkirchen, Germany, page C-3.
Apps M.J., Price D.T., Wisniewski J. (Eds). (1995). Boreal Forests and
Global Change. Kluwer Academic Publishers, Dordrecht, 548 pp.
89
Apps M.J., (1995). Past and Future Changes in Forest Carbon Reservoirs.
Caring for the Forest: Research in a Changing World. Abstracts of
Invited Papers. IUFROXX World Congress,  6-12 Aug 1995, Tampere
Finland.IUFRO Secretariat, Vienna Austria, p 128.
Price D.T., Peng C., Apps M.J., Halliwell D.H., (1995). Simulated Effects of
Climate Change on Boreal Ecosystem and Carbon Dynamics Along a
Central Canadian Transect.  In Abstracts of IBFRA 95 Conference
Climate Change, Biodiverstiy and Boreal Forest Ecosystems Joensuu,
Finland, August, 1995, p. 62.
Halliwell D.H., Apps M.J., and Price D.T. (1995). A survey of the forest site
characteristics in a transect through the central Canadian boreal
forest. Water Air and Soil Pollution 82: 257-270.
Kurz W.A., Apps M.J., Beukema S.J., Lekstrum T., (1995). 20th century
carbon budget of Canadian forests. Tellus 47B: 170-177
Li C. and Apps M.J. (1995). Disturbance impacts on forest temporal
dynamics. Water Air and Soil Pollution 82: 429-436.
Kurz W.A., Apps M.J. (1995). An analysis of future carbon budgets of
Canadian boreal forests Water Air and Soil Pollution 82:321-332.
Price D.T. and Apps M.J. (1995). The Boreal Forest Transect Case Study:
global change effects on ecosystem processes and carbon dynamics in
boreal Canada. Water Air and Soil Pollution, 82: 203-214.
Kurz W.A., M.J. Apps, B.J. Stocks, and W.J.A. Volney, (1995). Global
climatic change: disturbance regimes and biospheric feedbacks of
temperate and boreal forests. In: G. M. Woodwell and F.T. Mackenzie
(Eds.). 'Biospheric feedbacks in the global climatic system: Will the
warming speed the warming?'Oxford Univer. Press, New York, 119-
133.
Shvidenko, A.Z., Nilsson, S., Venevsky, S., and Raile, G. (1996). Dynamics of
Fully Stocked Stands in the Territory of the Former Soviet Union. WP-
96-19. International Institute for Applied Systems Analysis,
Laxenburg, Austria.
Lakida, P., Nilsson, S. and Shvidenko,  A. (1996). Forest Phytomass and
Carbon in European Russia. WP-96-28. International Institute for
Applied Systems Analysis, Laxenburg, Austria.
90
Kiseleva, V. (1996). Environmental Stress to the Siberian Forests: An
Overview. WP-96-45. International Institute for Applied Systems
Analysis, Laxenburg, Austria.
Zelenev, V.V. (1996). Assessment of the Average Annual Methane Flux from
the Soils of Russia. WP-96-51. International Institute for Applied
Systems Analysis, Laxenburg, Austria.
Backman, C.A. (1996). The Russian Forest Sector: opportunities and
challenges. WP-96-53. International Institute for Applied Systems
Analysis, Laxenburg, Austria.
Shvidenko, A. and Nilsson, S. (1996). Expanding Forests but Declining
Mature Coniferous Forests in Russia. W-96-59. International Institute
for Applied Systems Analysis, Laxenburg, Austria.
Nilsson, S. (Ed.). Boreal Forests - The Role of Research. pp. 399-409 in
Caring for the Forest: Research in a Changing World. Congress Report,
Volume II, Proceedings from IUFRO XX World Congress, 6-12 August
1995, Tampere Finland. ISBN 951-40-1484-7.
Rozhkov, V.A., Wagner, V.B., Kogut, B.M., Konyushkov, D.E., Nilsson, S.,
Sheremet, V.B. and Shvidenko, A.Z. (1996). Soil Carbon Estimates and
Soil Carbon Map for Russia. WP-96-60. International Institute for
Applied Systems Analysis, Laxenburg, Austria.
Duinker, P.N., Carlsson, M., Gluck, M., Plinte, R. and Venevskaia, I. (1996).
Biodiversity of Siberian Forests: Concepts, Preliminary Analyses, and
Proposed Research Directions. WP-96-79. International Institute for
Applied Systems Analysis, Laxenburg, Austria.
Pisarenko, A.I. and Strakhov, V.V. (1996). Socio-Economic Assessment of the
Russian Boreal Forests. WP-96-58. International Institute for Applied
Systems Analysis, Laxenburg, Austria.
Backman, C.A. and Waggener, T.R. and E. Gataulina (1996). Outlook for
Russian Forest Products Trade with the People’s Republic of China.
WP-96-72. International Institute for Applied Systems Analysis,
Laxenburg, Austria.
Waggener, T., Backman, C.A. and E. Gautaulina (1996). Outlook for
Russian Forest Product Trade with the People’s Republic of China.
CINTRAFOR WP58, 108 pp. University of Washington,  College of
Forest Resources, Seattle, Washington, USA.
91
Hyttinen, P. and Solberg, B. (1996). Socio-Economic Importance of the
Boreal Forests in the Nordic Countries. WP-96-81. International
Institute for Applied Systems Analysis, Laxenburg, Austria.
Fries, C. (1996). Human Transformation of the Swedish Boreal Forest. WP-
96-86. International Institute for Applied Systems Analysis,
Laxenburg, Austria.
Lakida, P. (1996). Forest Phytomass Estimation for Ukraine. WP-96-96.
International Institute for Applied Systems Analysis, Laxenburg,
Austria.
Steffen, W.L. and Shvidenko, A.Z. (Editors) (1996). IGBP Northern Eurasia
Study: Prospectus for an Integrated Global Change Research Project.
IGBP Global Change Report No. 37, Stockholm.
Nilsson, S. (1996) Skogsnäringen saknar visioner (The Forest Sector Lacks
Visions), Skogen 8/96, pp. 48-49 (in Swedish).
Shvidenko, A., Venevsky, S. and Nilsson, S. (1996) Increment and Mortality
for Major Forest Species of Northern Eurasia with Variable Growing
Stock. WP-96-98. International Institute for Applied Systems Analysis,
Laxenburg, Austria.
Rojkov, V., Efremov, D., Nilsson, S., Sedych, V., Shvidenko, A., Sokolov, V.
and V. Wagner. (1996) Siberian Landscape Classification and a
Digitized Map of Siberian Landscapes. WP-96-111. International
Institute for Applied Systems Analysis, Laxenburg, Austria.
Nilsson, S. (1996) Will the forests last? In: SUAS, Forestry in the
Sustainable Cycle - new steps towards sustainable development.
Forestry Facts 2, 1996. Swedish University of Agricultural Sciences,
Uppsala, Sweden, pp. 30-45 (in Swedish).
Malov, V. (1996) Development Options for the Lower Angara Region (LAR) in
Siberia. WP-96-115. International Institute for Applied Systems
Analysis, Laxenburg, Austria.
Backman, C.A. (1996). The Russian Forest Sector: Prospects for Trade with
the Former Soviet Republics. Post Soviet Geography and Economics,
37(1):16-59.
Backman, C.A. (1996). The Russian Forest Sector: Prospects for Trade with
the Former Soviet Republics. IIASA RR-96-18. International Institute
for Applied Systems Analyses: Laxenburg, Austria.
92
Belotelov, N., Bogatyrev, B., Kirilenko, A., Venevsky, S. (1996).  Modelling
of time-dependent biome shifts under global climate changes. Ecological
Modelling 87:29-40.
Schophauser, W. (1996). Klimastabilisator Wald? Umweltshutz 1/96:50-51.
Kakizawa, H. (1996). Trends in the Japanese-Russian Timber Trade and the
Japanese Sawmill Industry Using Russian Logs. Research Bulletin of
the Hokkaido University Forests, Vol. 53, No. 2:147-155.
Nilsson, S. (1996). Corporate Amnesia? Svensk Papperstidning/Nordisk
Cellulosa Nr. 9:8. (in Swedish).
Nilsson, S. and Shvidenko, A. (1996). Chapter 15: Wood Production under
Changing Climate and Land Use. In: Climate Change 1995 - Impacts,
Adaptations and Mitigation of Climate Change: Scientific-Technical
Analyses. Contribution of Working Group II to the Second Assessment
Report of the Intergovernmental Panel on Climate Change. Editors
R.Watson, M.Zinyowera, R.Moss and D.Dokken. Cambridge University
Press, UK.
Nilsson, S. and Schopfhauser, W. (1996). Chapter 24: Management of
Forests for Mitigation of Greenhouse Gas Emissions. In: Climate
Change 1995 - Impacts, Adaptations and Mitigation of Climate Change:
Scientific-Technical Analyses. Contribution of Working Group II to the
Second Assessment Report of the Intergovernmental Panel on Climate
Change. Editors R.Watson, M.Zinyowera, R.Moss and D.Dokken.
Cambridge University Press, UK.
Jonas, M., Fleischmann, K., Ganopolski, A., Krabec, J., Sauer, U.,
Olendrzynski, Petoukhov, V. and Shaw, R. (1996). Grid Point Surface
Air Temperature Calculations with a Fast Turnaround: Combining the
Results of IMAGE and a GCM. Climatic Change 34:479-51.
Brown, S., Shvidenko, A.Z., Galinski, W., Houghton, R.A., Kasischke, E.S.,
Kauppi, P.E., Kurz, W.A., Nader, I.A. and Rojkov, V.A. (1996). Working
Group Summary: Forests and the Global Carbon Cycle: past, present
and future role. In: Apps, M.J. and Price, D.T. (Eds) Forest Ecosystems,
Forest Management and the Global Carbon Cycle, NATO ASI Series/I,
pp. 199-208.
Karpachevsky, L.O., Roshkov, V.A., Karpachevsky, M.L. and Shvidenko,
A.Z. (1996). Forest, Soil and Forest Pedology. Soil Science
(Pochvovedenie), No. 5:586-598. (in Russian)
93
Shvidenko, A.Z., Venevsky, S.V., Nilsson, S. (1996). Increment and Mortality
in Forests of Russia - an attempt of aggregated analyses. In: Short
reports of the VII Conference of the IBFRA, 19-23 August, 1996, St.
Petersburg, Russia. VNIIZlesresurs, Moscow, 56-57.
Venevsky, S.V. and Shvidenko, A.Z. (1996). Modelling of stand growth
dynamics with a destructive stage. In: Short reports of the VII
Conference of the IBFRA, 19-23 August, 1996, St. Petersburg, Russia.
VNIIZlesresurs, Moscow, pp. 6-8.
Kharuk, V.I., Nilsson, S. and Samarskaia, E. (1996). Anthropogenic and
Technogenic Stress Factors to Forests in Siberia. WP-96-104.
International Institute for Applied Systems Analysis, Laxenburg,
Austria.
Uphyrkina, O. (1996).  Assessment of the Influence of Forest Exploitation on
Species Biodiversity in the Russian Far East. WP-96-147. International
Institute for Applied Systems Analysis, Laxenburg, Austria.
Nilsson, S., Shvidenko, A.Z. and Blauberg, K. (1996). Small Siberian Forest
Atlas. WP-96-151. International Institute for Applied Systems
Analysis, Laxenburg, Austria.
Schopfhauser, W. (1996). The Current Potential Production of Forest
Biomass for Energy in Europe, Russia and China. WP-96-158.
International Institute for Applied Systems Analysis, Laxenburg,
Austria.
Huber, P., Nagaev, S. and Wörgötter, A. (1996). The Relocation of Russian
Industry 1987-1993. WP-96-162. International Institute for Applied
Systems Analysis, Laxenburg, Austria.
Lakida, P., Nilsson, S., Shvidenko, A. (1996). Estimation of Forest
Phytomass for Selected Countries of the Former European USSR.
Biomass and Bioenergy Vol.11:5/371-382.
Polyakov, M.O. and Backman, C.A. (1996). Methodological aspects of long-
term prediction of balances of production and consumption of forest
products. In: Bondar, I.K (Ed) Formation of market relations in the
Ukraine - Volume II. pp. 172-184. Scientific Institute of the Ministry of
Economy, Kiev, Ukraine. (in Russian).
Shvidenko, A., Samarskaia, E., Venevsky, S., Nilsson. S. (1996). Models for
Growth of Pine Stands in Territories of Northern Eurasia. WP-96-164.
International Institute for Applied Systems Analysis, Laxenburg,
Austria.
